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ABSTRACT 
Bingea, Rebecca L., M.A., August, 1982, Communication Sciences 
and Disorders 
Dichotic stop-consonant-vowel identification by normal listeners 
as a function of interchannel onset-time asynchronies (172 pp.) 
Director: Michael J. M. Raffin, Ph.D. 
Thesis approved 
The purpose of the present study was to generate normative 
data for a dichotic listening task involving the identification 
of dichotic nonsense syllables (CVs) at interchannel onset-time 
asynchronies of 120, 90, 60, 30, and 0 ms, under right- and 
left-lag conditions. The subjects were 30 young adults, all of 
whom passed rigorous preliminary testing to ensure normal 
auditory function. Both group and individual data were analyzed. 
The results for the group supported two of the three hypotheses 
of the study (p<0.01): Consistent with prior studies, there was 
1) a significant right-ear advantage at 0 ms, and 2) significant 
variation of scores as a function of time asynchrony. The third 
hypothesis—that the data would demonstrate a lag effect—was not 
supported. The individual-subject data, analyzed according to a 
binomial-distribution model, demonstrated that the group data 
were misleading for the interpretation of a given individual's 
performance since they did not predict normal variability of 
scores. This suggested that normative data for this dichotic 
task should include frequency-distribution and range information, 
in addition to mean scores, for the determination of normal 
versus disordered behavior. Caution is warranted in the 
interpretation of graphic information and data which are 
expressed by simple-difference scores or analyzed according to 
the normal distribution. Both the group and the individual 
results suggested that the 90- and 0-ms conditions are the most 
useful clinically. Further research involving lesion patients, 
in which the data are gathered and analyzed in a manner similar 
to that of the present study, was recommended. 
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CHAPTER I 
INTRODUCTION 
During the past 25 years, evaluation of the central auditory 
nervous system (CANS) has experienced a slow but steady growth, 
resulting in the emergence of a "neuroaudiology" subspecialty 
within the field of audiology (Hurley, 1980; Katz, 1978). Due 
to its intricate and complex network of structures, and multiple 
pathways, crossings, and interactions (Berlin & Lowe, 1972; 
Noffsinger & Kurdziel, 1979), the CANS evades evaluation by 
audiometric techniques used to assess the peripheral auditory 
system (Berlin & Lowe, 1972; Jerger, Weikers, Sharbrough, & 
Jerger, 1969). Therefore, tests which are sensitive specifically 
to CANS function have been designed. Historical approaches to 
CANS evaluation focused on particular tasks which increasingly 
degraded or distorted the signals in some way (Noffsinger & 
Kurdziel, 1979). Although helpful in eighth-nerve (N. VIII) and 
peripheral-brainstem lesion identification, they provided only 
general warnings of possible central brainstem dysfunction 
(Noffsinger & Kurdziel, 1979). Therefore, a more productive 
approach, focusing on the site and side of a lesion, has gained 
prominence in recent years (Noffsinger & Kurdziel, 1979). The 
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latter approach assumes that different levels, with unique 
properties and functions, can be identified and explored with 
tests which yield information regarding a particular level's 
functional integrity (Noffsinger & Kurdziel, 1979). 
Various structural-functional models have been proposed to 
assist in the evaluation process and in the understanding of the 
CANS (e.g., Carhart, 1969; Hurley, 1980; Katz, 1978; 
Noffsinger & Kurdziel, 1979). For example, Noffsinger and 
Kurdziel's (1979) model divided the CANS into four parts: 1) the 
peripheral (extra-axial) brainstem at the level of the eighth 
cranial nerve and the termination of its fibers at the cochlear 
nucleus; 2) the central (intra-axial) brainstem, involving 
primarily the cochlear and olivary nuclei and major CANS 
decussation pathways; 3) the ascending pathways and subcortical 
centers, including the lateral lemniscus, auditory radiations, 
and nuclear structures of the inferior colliculus and medial 
geniculate body; and 4) the auditory cortex and associated 
interhemispheric connections, involving primarily the temporal 
lobes, corpus callosum, and other interhemispheric commissural 
connections. 
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General Description of Dichotic Tasks 
One approach used in the evaluation of auditory processes at 
the cortical level employs dichotic listening tasks. In these 
tasks, the listener identifies, discriminates, or recalls 
differing stimuli which are presented to the two ears from 
well-separated channels of independent signal sources (Berlin & 
Lowe, 1972; Noffsinger & Kurdziel, 1979). This is in contrast 
to the following: (a) diotic stimulation, in which both ears are 
stimulated, usually with similar stimuli, but the signals do not 
reach the two ears independently (Berlin & Lowe, 1972); (b) 
monotic stimulation, where correlated or competing signals 
stimulate one ear (Berlin & Lowe, 1972; Berlin & McNeil, 1976); 
and (c) monaural stimulation, in which one stimulus is delivered 
to one ear at a time (Berlin & McNeil, 1976). 
Normal Dichotic Performance 
When normal listeners are stimulated dichotically, the 
performance of both ears is poor—50-80% single-ear scores 
(Cullen, Berlin, Hughes, Thompson, & Samson, 1974a)—when 
compared to perfect or near-perfect monaural performance (Berlin, 
Cullen, Hughes, Berlin, Lowe-Bell, & Thompson, 1974), with the 
right ear performing somewhat better (10-14%) than the left ear 
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(Berlin, Lowe-Bell, Cullen, Thompson, & Loovis, 1973b; Cullen et 
al., 1974a; Gelfand, Hoffman, Waltzman, & Piper, 1980; 
Studdert-Kennedy & Shankweiler, 1970). However, when the stimuli 
are presented to the ears at time asynchronies of approximately 
30-90 ms, the lagging member of the pair is perceived more 
accurately. As a result, when the lagging syllable is presented 
to the left ear, the right-ear advantage is overcome, such that 
the left-ear score approaches or surpasses that of the right ear 
(Berlin et al., 1973b; Studdert-Kennedy, Shankweiler, & 
Schulman, 1970). Independent of the right-ear advantage and the 
lag effect, performance also appears to vary when different 
phonetic features are contrasted. For example, in simultaneously 
presented dichotic CV pairs, correct identification is more 
frequent for voiceless than for voiced consonants, and for velar 
than for labial and alveolar consonants (Berlin et al., 1973b; 
Lowe, Cullen, Berlin, Thompson, & Willett, 1970; 
Studdert-Kennedy et al., 1970; Speaks, Carney, Niccum, & 
Johnson, 1981). Further discussion of the dichotic right-ear 
advantage, lag effect, and phonetic effects can be found in the 
literature review of Appendix A. 
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Dichotic performance can be differentiated not only from 
monaural performance, but from monotic performance as well. 
During monotic stimulation, ear asymmetry is not seen (i.e., 
there is no right-ear advantage), and the phonetic effects are 
different (Berlin et al., 1973b). In addition, an opposite 
temporal offset effect occurs: there is a lead effect, which 
occurs during the first 60 ms (maximally at 10-30 ms), rather 
than a lag effect (Berlin et al., 1973b; Kirstein, 1971). While 
the dichotic lag effect appears to be central in origin, the 
monotic lead effect has been attributed to peripheral masking 
(Kirstein, 1971; Studdert-Kennedy et al., 1970). 
Stimulus Characteristics 
Although speech stimuli have been used in most CANS 
evaluations employing dichotic tasks (Hurley, 1980), nonspeech 
signals such as pure-tones, clicks, and music have been used as 
well (Berlin & Lowe, 1972; Borod & Goodglass, 1980; Hosokawa, 
Shibuya, & Hosokawa, 1978; Schulhoff & Goodglass, 1969; Teng, 
1979; Zatorre, 1979). Speech signals are preferred, however, 
since they can be manipulated in more complex ways than can tones 
or other nonspeech stimuli (Berlin & Lowe, 1972). The early 
studies of Broadbent (1954) and Kimura (1961a, 1961b) utilized 
dichotic digit stimuli; digits have continued to be used in more 
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recent research as well (e.g., Bakker, Van der Vlugt, & 
Claushuis, 1978; Borod & Goodglass, 1980; Damasio, Damasio, 
Castro-Caldas, & Ferro, 1976; Musiek & Wilson, 1979; 
Pizzamiglio, DePascalis, & Vignati, 1974; Teng, 1979). Others 
used spondees (Katz, 1968), synthetic and/or meaningful sentences 
(Jerger & Jerger, 1974), and monosyllables in the presence of 
competing sentences (Burke & Noffsinger, 1976; Noffsinger, 
Olsen, Carhart, Hart, & Sahgal, 1972). 
Speech signals that are linguistically and spectrally 
similar, time-aligned, short (e.g., 310-320 ms), and of similar 
duration, such that they can be carefully controlled, are 
preferred to other types of speech stimuli in CANS evaluation due 
to their greater lesion-detecting capacity (Noffsinger & 
Kurdziel, 1979; Speaks, 1974). The use of stop consonants with 
a constant vowel (i.e., /pa, ba, ta, da, ka, ga/) has become 
generally accepted as the most precise means by which to assess 
ear advantage and other aspects of speech perception (Repp, 
1976), and by which to detect CANS lesions (Niccum, Rubens, & 
Speaks, 1981; Noffsinger, 1981a). These CVs have been found to 
provide a greater degree of control over linguistic influences 
(e.g., vocabulary, dialect, and other syntactic and semantic 
components) than have other speech stimuli (Berlin & Lowe, 1972; 
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Berlin & McNeil, 1976). 
Usefulness of Dichotic Measures 
Research utilizing dichotic listening tasks has enhanced 
understanding of both normal and pathological speech- and 
auditory-perception processes. Early studies employing dichotic 
stimulation were undertaken for a variety of reasons, including 
the exploration of factors affecting word intelligibility 
(Ptacek, 1954), examination of the limits of immediate memory 
(Broadbent, 1954), and as a behavioral indication of cerebral 
hemispheric laterality (Kimura, 1961a, 1961b, 1967). Dichotic 
studies lend substantial support to the anatomical and 
physiological evidence of functional hemispheric asymmetry, 
whereby the left hemisphere appears dominant for speech 
processing and the right hemisphere for the processing of 
nonlinguistic stimuli (Berlin & McNeil, 1976; Hurley, 1980; 
Kimura, 1961a, 1961b, 1967; McNeil, Pettit, & Olsen, 1981; 
Studdert-Kennedy & Shankweiler, 1970). 
As part of a CANS evaluation battery, dichotic tasks have 
been useful for identifying cerebral-level lesions (Bellaire & 
Noffsinger, 1978, 1982; Berlin, 1976; Damasio et al., 1976; 
Dermody & Noffsinger, 1976; Johnson, Sommers, & Weidner, 1977; 
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Lowe et al., 1970; Musiek & Wilson, 1979; Noffsinger & 
Kurdziel, 1979). Although auditory impairment at the cortical 
level can be part of a generalized cross-modality deficit (Berlin 
& Lowe, 1972), research results support a dissociation of 
auditory tasks from tasks involving other modalities, such as 
visual and tactile (Berlin & Lowe, 1972; Bryden, 1965; Nebes & 
Nashold, 1980; Zurif & Bryden, 1969). In other words, 
cross-modality observations demonstrate that it is possible to 
differentiate "a specific auditory deficit from a deficit in a 
general brain process" (Berlin & Lowe, 1972, p. 305). The 
competition present in dichotic listening tasks, therefore, is 
unique to the auditory system and, as such, allows evaluation of 
CANS integrity and the identification of various "lesion 
effects." Specifically, these dichotic measures have evidenced 
sensitivity in identifying and differentiating lesions of the 
following sites: 1) left temporal lobe (anterior vs. 
posterior); 2) right temporal lobe; 3) corpus callosum; 4) 
anterior commissure; 5) thalamic area; and 6) deep left 
parietal-lobe areas (Berlin, 1976, 1981; Noffsinger, 1981a; 
Noffsinger & Kurdziel, 1979). An indepth literature review of 
these dichotic lesion effects is contained in Appendix A. 
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Reliability of Dichotic Performance 
In general, published research supports the reliability of 
dichotic test results over time, in terms of both performance 
accuracy and ear-advantage size and direction (Bakker et al., 
1978; Blumstein, Goodglass, & Tartter, 1975; Lauter, 1982; 
Millay, Roeser, & Godfrey, 1977; Pizzamiglio et al., 1974; 
Porter, Troendle, & Berlin, 1976; Ryan & McNeil, 1974; Speaks & 
Niccum, 1977). Repp (1977) noted that the test-retest 
reliabilities of ear advantage reported in the literature "are 
quite satisfactory in view of the relative shortness of the test" 
and other aspects of the response paradigm, such as guessing and 
attentional fluctuations (p. 734). In addition to the normative 
studies, Berlin (1976) reported good consistency of scores over 
time in patients with cortical lesions. Similarly, Niccum et al. 
(1981) reported highly reliable performance patterns of aphasic 
patients with unilateral left-hemisphere lesions. While there 
may be mild improvement in scores with practice, maximum 
performance appears to be achieved early-on; e.g., after the 
first 120-300 trials (Berlin et al., 1973b; Millay et al., 1977; 
Porter et al., 1976). 
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However, individual trial-to-trial variability in ear 
advantage strongly suggests the need for more than one or two 
trials to establish reliably the magnitude or the direction of 
ear advantage (Blumstein et al., 1975; Millay et al., 1977; 
Speaks & Niccum, 1977). In addition, normative studies have 
demonstrated large intersubject variations in score accuracy and 
ear-advantage size and direction, despite consistency of mean 
scores (Millay et al., 1977; Noffsinger, 1981a; Ryan & McNeil, 
1974). This would suggest the need for information regarding the 
variability of scores (i.e., ranges), in addition to mean 
performance scores, when comparing a given individual's 
performance to the norms. 
Problems and Experimental Questions 
While the literature furnishes substantial information from 
which to draw general conclusions about the nature and 
implications of both normal and pathological results on dichotic 
listening tasks, direct application of specific results of these 
experiments to one's own clinical situation for use in CANS 
evaluations is more difficult. Variables among studies which may 
affect the data include: control of interaural intensity, 
frequency bandwidth, and signal-to-noise parameters of the 
stimuli; subject age; specific administration and 
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subject-response procedures; and the presence of pathological 
conditions (Berlin & McNeil, 1976). 
Not only do stimulus and subject parameters vary 
considerably from study to study, but rarely is the reader 
furnished with more than mean performance scores. Without 
accurate information regarding the variability of normal 
behavior, determination of disordered behavior is impeded, unless 
it is so aberrant as to be obviously outside the normal range. 
Perhaps related to the intersubject variability of scores 
reported in the literature, is the limited control over variables 
of auditory function in most normative studies. Despite the fact 
that interpretation of dichotic and other CANS test results is 
deemed hazardous in the presence of brainstem or more peripheral 
disorders (Lynn & Gilroy, 1974; Noffsinger & Kurdziel, 1979; 
Speaks, 1974), no more than a pure-tone threshold assessment 
and/or a screening of monaural discrimination of the test stimuli 
was obtained in order to establish normal auditory function in 
most of the studies (e.g., Benson, 1978; Berlin, Hughes, 
Lowe-Bell, & Berlin, 1973a; Berlin et al., 1973b; Curry, 1967; 
Mirabile, Porter, Hughes, & Berlin, 1978; Ryan & McNeil, 1974; 
Speaks & Bissonette, 1975; Studdert-Kennedy & Shankweiler, 1970; 
Studdert-Kennedy et al., 1970). Occasionally, mere reports of 
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normal hearing were accepted (Blumstein et al., 1975; Satz, 
Achenbach, Pattishall, & Fennell, 1965; Teng, 1979; Zatorre, 
1979). 
In light of such problems, the generation of more 
stringently controlled normative data appears desirable. The 
major purpose of the present study was to obtain normative data 
for young adults, including score ranges as well as average 
performance, as a function of various interaural time 
asynchronies under right- and left-lag conditions. In addition, 
the review of the literature led to the hypotheses that the 
subjects would demonstrate the following: 
1. A right-ear advantage during simultaneous presentation. 
2. Variation of subject scores as a function of interchannel 
time asynchronies. 
3. A dichotic lag effect. 
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CHAPTER II 
METHOD 
Subjects 
The subjects were 30 young adults (15 females and 15 males), 
ranging in age from 19 to 40 years old (mean age = 26.2 years). 
All subjects were native speakers of English with no known 
history of hearing loss, chronic otologic problems, neurological 
problems, or brain trauma. All reported they were in good 
health, and none had previous experience with dichotic listening 
tasks. Signed consent for volunteer participation in the study 
was obtained from each subject (see Appendix B). 
Prior to inclusion in the study, all subjects passed 
rigorous preliminary testing to ensure normal auditory function. 
Descriptions and rationale for each of these tests are contained 
in Appendix C. Raw data for each subject can be found in 
Appendix D. Subjects met all of the following test-battery 
criteria: 
1. Monaural CV screening. Scores of at least 25 correct out of 
30 syllables on a monaural discrimination test consisting of 
a 75-dB SPL randomized presentation of the six 
stop-consonant-vowel syllables used in the study. 
Page 14 
2. Pure-tone air-conduction and bone-conduction thresholds. 
a. 20-dB HL, or better, air-conduction thresholds at 
octave intervals from 250-8000 Hz bilaterally, and at 3000 Hz 
and 6000 Hz [re: ANSI 1969(R1973)]. 
b. 20-dB HL, or better, bone-conduction thresholds at 
octave intervals from 250-4000 Hz, and at 3000 Hz. 
c. No greater than 10-dB difference between the two 
ears at any of the test frequencies. 
d. Air-conduction thresholds no more than 10-dB poorer 
than bone-conduction thresholds at any of the test 
frequencies. 
3. Spondee threshold (ST). Within +10 dB of the pure-tone 
average of air-conduction thresholds at 500, 1000, and 
2000 Hz bilaterally, using recorded stimuli in a descending 
method described by Tillman and Olsen (1973). 
4. Speech discrimination scores in quiet. No poorer than 100% 
correct at the 0.01 level of confidence (i.e., 92-100%) using 
recorded monosyllabic 50-word lists (NU #6, Tillman & 
Carhart, 1966) at a presentation level equivalent to the 
subject's spondee threshold plus 40 dB. 
5. Speech discrimination in noise (S/N = 0). No poorer than 80% 
correct at the 0.01 level of confidence (i.e., 60-100%), 
using recorded monosyllabic 50-word lists (NU #6, Tillman & 
Carhart, 1966), at a presentation level of 40-dB SL (re: 
ST), and same-ear white-noise competition at an overall 
sound-pressure level equal to that of the speech. 
6• Contralateral competing-message speech-discrimination (S/C = 
-10)• No poorer than 100% correct at the 0.01 level of 
confidence (i.e., 92-100%), using recorded NU #20 materials 
(Noffsinger et al., 1972), presented at 50-dB SL (re: ST), 
with a signal-to-competition ratio of -10 dB. 
7. Auditory adaptation of loudness (tone decay). No greater 
than 20 dB of adaptation for pure-tone stimulation at 500 Hz 
and 2000 Hz bilaterally, using methodology described by Olsen 
and Noffsinger (1974). 
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8. Simultaneous binaural median plane localization (SBMPL). A 
midline perception (fused image) within +10 dB of equally 
intense pure-tones when delivered to the two ears 
simultaneously at 500 Hz. 
9. Pure-tone masking level difference (MLD). No less than a 
7-dB shift in pure-tone threshold at 500 Hz, in the presence 
of an 80-dB SPL narrow-band noise (centered at 500 Hz), from 
a binaural homophasic condition (SoNo) to a binaural 
antiphasic condition in which the noise was in-phase but the 
signals were out-of-phase by 180 degrees (SpiNo). 
10. Acoustic immittance. 
a. Tympanograms with normal-appearing shapes and 
amplitudes, and peak-pressure points within +49 daPa (re: 
ambient pressure) bilaterally. 
b. Acoustic-reflex thresholds present contralaterally 
at 500 Hz and 1000 Hz at 70-100 dB HL at tympanometric 
peak-pressure point, and present ipsilaterally at 1000 Hz at 
70-105 dB SPL. 
c. Acoustic-reflex decay of less than 50% in 30 seconds 
at 500 Hz contralaterally, in response to a presentation 
level 10 dB greater than the reflex threshold at 500 Hz. 
Thirteen potential subjects, who reported normal hearing, 
were excluded from the study on the basis of their preliminary 
test results (see Appendix D). Eight had a greater than 10-dB 
difference in pure-tone air-conduction thresholds between the two 
ears at one or more of the test frequencies; one had an 
air-conduction threshold greater than 20-dB HL at one frequency 
for one ear; one had a reduced acoustic-reflex threshold; four 
had elevated or absent acoustic reflexes; two had tympanograms 
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judged to be abnormal in shape and/or amplitude; two had 
negative tympanometric peak-pressure points; one had an unusual 
acoustic-reflex growth pattern, which precluded accurate 
acoustic-reflex threshold assessment; one demonstrated an 
air-bone gap; and one scored poorer than 60%-correct on 
speech-in-noise testing for one ear. Seven of these potential 
subjects demonstrated abnormalities in two areas; therefore, the 
13 individuals yielded the 21 abnormalities listed. Since 
testing beyond acoustic immittance and pure-tone audiometry was 
generally not administered to those failing any of the criteria 
in these sections, passage or failure of other portions of the 
preliminary testing was not determined. 
Dichotic Materials 
The dichotic materials consisted of randomized pairs of the 
stop consonant-vowels /pa, ba, ta, da, ka, ga/, in which each of 
the initial consonants appeared in all possible combinations. 
Master recordings of these stimuli were obtained from Charles 
Berlin of the Kresge Hearing Research Laboratory of the South, 
Louisiana State University Medical Center. A computerized system 
was used in compiling these tapes to ensure amplitude equality 
and temporal alignment accuracy. The materials were recorded 
onto two channels of the same magnetic tape, such that onsets of 
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the pairs were simultaneous (0-ms delay), or delayed at 
asynchronies of 30, 60, 90, and 120 ms, with 30 pairs in each 
condition for both right and left lags. Stimulus durations were 
310 ms for each of the CVs /da, ta, ga, ka, ba/ and 320 ms for 
/pa/, and the interstimulus interval was 6 s. The 
signal-to-noise ratio of the dichotic tapes was in excess of 
60 dB. Non-magnetic leader tape was inserted between each 
winding of the stimulus tape to prevent print-through. 
Appropriate calibration procedures were undertaken to verify the 
accuracy of the tapes and the stimulus parameters under which 
they were presented (see Appendix E). 
Apparatus 
Preliminary tests. Preliminary audiometric tests were 
performed using an audiometer (Grason-Stadler, Model 1701) 
coupled to either of the following: (1) acoustically matched 
earphones (Telephonies, TDH-49P), mounted in neoprene-capped, 
Buna-S rubber cushions (Telephonies, MX-41/AR), and affixed to 
the head with a headband (Telephonies); or (2) a bone vibrator 
(Radioear, Model B-71 or B-72), attached to a headband (Radioear, 
Model P-3333). Acoustic-immittance measurements were 
accomplished with an impedance meter (Madsen, Model ZS76-I). 
Taped materials for speech tests were played on a 4-track tape 
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recorder/reproducer (Akai, Model 1722 W), which was 
impedance-matched to the audiometer input. 
Dichotic tests. The taped dichotic materials were played on 
the aforementioned tape recorder/reproducer, using the same 
audiometer and earphones as used for the preliminary testing. 
All of the testing, except acoustic-immittance testing, was 
undertaken within a sound-treated room (Industrial Acoustics 
Corporation, Model 403). All apparatus was calibrated 
appropriately to conform with existing standards. Specific 
calibration information is contained in Appendix E. 
Procedure 
Preliminary testing of auditory function was performed no 
more than two weeks prior to the dichotic testing, and on the 
same day whenever possible. Breaks were allowed as necessary to 
avoid subject fatigue. In cases where dichotic testing did not 
take place on the same day as the preliminary testing, a 
pure-tone air-conduction screening of the subject's threshold at 
1000 Hz was obtained to ensure threshold stability. Routine 
listening checks of the instrumentation were performed daily 
before the experimental runs. Subjects were tested individually, 
and were instructed thoroughly prior to each task. 
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For the dichotic tests, each subject was instructed to 
respond on a multiple-choice answer form. The task involved 
circling the two CVs heard, from among six printed forced-choice 
alternatives, after each presentation. The following 
instructions were given: 
You are going to hear a man say the syllables pa, 
ta, ka, ba, da, ga. During each test item, one 
syllable will be presented to one ear and another 
syllable to the other ear. Listen carefully and circle 
the syllables you hear. Since two syllables will be 
presented for each test item, you should circle two 
answers. The same syllable will never be presented to 
the two ears during any particular test item, so you 
will always circle two different syllables. Some of 
the presentations may be easy for you; others will be 
more difficult. Do your best, and if you are unsure of 
the correct answer, you should guess. Do you have any 
questions? 
The subject was then familiarized with the dichotic task, through 
the presentation of three examples, prior to data collection. 
Since there were 30 presentations at each time asynchrony in both 
right- and left-lag conditions, in addition to two simultaneous 
(0-ms lag) conditions, each subject received a total of 300 
dichotic presentations. 
An attempt was made to control for order of presentation 
through a "random draw." Specifically, for each of the first 10 
subjects, one of 10 possible orderings (see Appendix F) was drawn 
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blindly from a pool, until all 10 orderings were used; a new 
pool of the 10 orders was then provided for the next 10 subjects, 
as was a final pool of the 10 orders for the last 10 subjects. 
All stimuli were presented at an intensity level equivalent 
to a 1000-Hz calibration tone of 75-dB SPL. Subject responses 
were scored in two ways: (1) single-ear scores (right and left), 
and (2) double-correct scores (responses in which both stimuli 
were identified correctly). 
Experimental Design and Data Analysis 
Three variables—ear (E), onset-time asynchrony (T), and 
left/right lag (L)—were combined factorially to produce a 
2x5x2 repeated-measures design. "Ear" was either right- or 
left-ear scores in recognition of the dichotically presented 
speech materials. There were five onset-time asynchronies: 0, 
30, 60, 90, and 120 ms. Lag conditions consisted of a left lag 
vs. a right lag; i.e., scores obtained when presentation of the 
CVs lagged to the left ear under the left-lag (right-lead) 
condition, and scores obtained when presentation to the right ear 
lagged in the right-lag (left-lead) condition. 
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Subject data were transferred to, and analyzed by, a 
DEC-system 20 computer. Following arc-sine transformation of the 
scores, which were expressed as proportion correct, analyses of 
variance (ANOVA) were executed using a computer program developed 
by Ullrich and Pitz (1981). Paired comparisons of mean values 
for the test conditions were accomplished using Tukey's Honestly 
Significant Difference (HSD) test (Kirk, 1968) in order to 
determine the source of significant effects at the 0.01 level of 
confidence. Tukey's test appears to be particularly efficient 
when all pairwise contrasts are desired and when sample sizes are 
equal (Hays, 1973; Marascuilo, 1971). 
Descriptive statistics were computed to provide the means 
and ranges of subject scores for each ear and for double-corrects 
(both stimuli in a pair correct). In addition, 
individual-subject scores were analyzed according to a 
binomial-distribution model described by Thornton and Raffin 
(1978) and Raffin and Thornton (1977). Probability estimates for 
observed score differences were made by using a Z-table, 
following arc-sine transformation and calculation of variance 
between transformed scores. 
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Although ANOVA allowed comparisons of the group data in the 
present study with those of other studies, and also is useful in 
identifying interactions among variables, the results from 
collapsing scores across subjects may obscure the variability of 
the scores. The binomial distribution, on the other hand, allows 
analyses of individual scores if the test can be modelled as a 
Bernoulli process in which items can be scored in a binary 
fashion (e.g., correct or incorrect). Unlike the normal 
distribution and its measures of variability such as the standard 
deviation, the binomial distribution is skewed such that the 
variability of percentage scores is minimal near the extremes of 
0% and 100%, and maximal in the middle of the range. In 
addition, variability based on the binomial model accounts for 
the length of the test list (in this case 30 items) and is 
dependent upon a subject's true performance score. 
A 0.01 level of confidence was chosen for the identification 
of all significant measurements in the study in order to reduce 
false-positive (Type I) errors. 
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CHAPTER III 
RESULTS 
The raw scores for each of the 30 subjects are contained in 
Table 1. ANOVA summary tables can be found in Appendix G (Tables 
G1, G2, G3, and G4); Tukey tables in Appendix H (Tables Hi, H2, 
H3, and H4) ; and significant individual-subject differences, 
based on the binomial distribution, in Appendix I (Tables II, 12, 
13, and 14). Since analyses of variance (ANOVA) for single-ear 
and double-correct scores failed to demonstrate significant 
gender effects, further analyses were collapsed across gender. 
The individual-binomial results were examined for effects of 
handedness (see Appendix J). Inclusion or exclusion of 
left-handed persons did not affect the results or the 
conclusions. 
Single-Ear Results 
Figure 1 depicts the single-ear results in terms of right-
and left-ear mean scores and ranges; Table 2 lists the actual 
means and ranges. 
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TABLE 1 
DICHOTIC-TEST RESULTS: INDIVIDUAL RAW SCORES 
Performance scores for each subject (subject number indicated by 
the I.D.) for each test condition. Performance scores (number 
correct out of 30) are indicated for the right ear (R), the left 
ear (L), and for double correct (D) for each time asynchrony for 
each lagging-ear condition. One 0-ms condition (0-F) is listed 
under left lag, and the other 0-ms condition (0-G) is listed 
under right lag. 
1 I.D. LAG I TIME ASYNCHRONY (ms) 
EAR I 120 90 60 30 0 
1 1 R L D R L D R L D R L D R L D i 
1 #1 LEFTl 130 29 29 28 28 26 30 27 27 29 25 24 30 23 23 | 
RIGHT I 
i 
130 27 27 29 27 27 29 29 28 28 25 23 30 25 25 1 
1 #2 
I 
LEFTl 128 26 24 24 28 22 27 21 19 22 20 15 22 21 15 I 
RIGHT I 
1 
126 27 23 23 24 17 26 23 19 18 19 07 18 14 06 | 
1 #3 
1 
LEFTl 121 24 16 19 26 16 21 24 17 23 22 17 22 19 11 1 
RIGHT I 
| 
125 18 15 25 24 20 26 15 12 26 13 08 23 15 10 I 
1 #4 
1 
LEFTl 127 28 25 24 28 23 21 28 19 26 27 23 23 21 17 I 
RIGHT I 
1 
128 23 21 27 28 25 28 26 25 26 25 21 27 25 23 I 
1 #5 
1 
LEFTl 127 27 24 29 27 26 26 24 20 23 26 20 23 23 16 | 
RIGHT I 
1 
|28 23 21 29 21 20 27 26 23 23 25 19 21 22 16 I 
1 #6 LEFTl 129 23 22 27 23 20 24 22 16 27 18 17 26 17 14 I 
RIGHT I 129 26 25 28 24 22 27 27 24 29 21 20 27 20 17 1 
1 #7 LEFTl 128 20 19 28 23 22 27 17 16 30 11 11 27 19 18 1 
RIGHT| 
1 
127 23 22 30 23 23 30 18 18 27 13 10 28 19 18 1 
/  /  / /  /  /  /  /  /  
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TABLE 1 (continued) 
1 I.D. 
1 
1 
LAG 
EAR 
1 
1 
1 R 
i 
a
 
1 
o
 
1 
(N 
I 
H
 
II 
I 
R 
TIME 
90 
L D 
ASYNCHRONY (ms) 
60 I 30 
R L D I R L D R 
II 
i 
II 
O
 ,-q 
1 
II 
1 
II 
I 
1 
1 
D I 
II 
U 
1 #8 
1 
LEFT 
RIGHT 
130 
130 
30 
30 
30 
30 
30 
29 
29 
29 
29 
29 
30 
29 
29 
29 
29 
28 
28 
30 
28 
25 
26 
25 
25 
29 
25 
25 
20 | 
24 | 
1 #9 
1 
LEFT 
RIGHT 
|28 
|28 
27 
28 
25 
26 
29 
28 
26 
28 
25 
26 
22 
28 
29 
27 
21 
25 
26 
28 
26 
24 
23 
23 
24 
25 
22 
20 
17 | 
16 | 
1 #10 
1 
LEFT 
RIGHT 
128 
|28 
27 
28 
25 
26 
29 
28 
24 
26 
23 
24 
29 
28 
21 
26 
20 
24 
24 
28 
19 
20 
13 
19 
25 
26 
26 
23 
21 I 
19 I 
1 #11 
1 
LEFT 
RIGHT 
127 
129 
22 
24 
22 
23 
23 
23 
13 
22 
10 
16 
27 
26 
18 
18 
17 
14 
23 
25 
15 
13 
09 
09 
23 
25 
17 
12 
12 | 
09 I 
1 #12 
1 
LEFT 
RIGHT 
126 
126 
27 
23 
23 
20 
17 
25 
27 
23 
17 
18 
21 
24 
25 
25 
17 
19 
19 
24 
22 
23 
13 
17 
24 
23 
20 
21 
16 | 
15 I 
1 #13 
1 
LEFT 
RIGHT 
126 
1 27 
23 
26 
21 
23 
27 
23 
23 
26 
20 
20 
27 
24 
20 
22 
17 
17 
24 
22 
21 
22 
16 
15 
23 
25 
20 
18 
16 | 
15 | 
1 #14 
1 
i_ 
LEFT 
RIGHT 
|28 
127 
1- -
20 
25 
19 
23 
26 
25 
23 
19 
20 
16 
26 
29 
25 
23 
21 
22 
23 
29 
19 
16 
13 
16 
18 
25 
18 
16 
10 | 
12 | 
1 
1 #15 
1 
i_ 
LEFT 
RIGHT 
127 
129 
1 
25 
24 
22 
23 
25 
27 
27 
23 
23 
21 
23 
25 
25 
19 
18 
15 
21 
24 
21 
13 
13 
09 
22 
25 
15 
16 
10 1 
13 | 
I 
1 #16 
1 
i_ 
LEFT 
RIGHT 
129 
130 
1 
28 
30 
27 
30 
26 
26 
24 
26 
21 
23 
27 
28 
24 
25 
22 
23 
26 
26 
21 
23 
18 
20 
20 
25 
24 
18 
16 | 
16 | 
I 
1 #17 
1 
LEFT 
RIGHT 
1 — 
130 
129 
28 
28 
28 
27 
28 
30 
21 
28 
19 
28 
24 
28 
22 
26 
16 
24 
28 
26 
17 
22 
15 
18 
21 
29 
16 
18 
1 
08 | 
17 1 
1 #18 
1 
LEFT 
RIGHT 
129 
|28 
1 — 
23 
25 
23 
24 
29 
26 
22 
26 
21 
24 
25 
28 
16 
16 
14 
14 
22 
28 
12 
17 
04 
16 
23 
27 
18 
15 
15 1 
13 | 
1 
I I II / / / / / 
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TABLE 1 (continued) 
1 I.D. LAG 1 TIME ASYNCHRONY (ms) 
EAR 1 120 90 60 30 0 
i R L D R L D R L D R L D R L D i 
/ /  
/ /  
1 #19 LEFT 1 27 29 26 21 26 19 25 20 15 22 22 16 22 18 14 I 
RIGHT 127 24 21 28 20 18 24 22 16 26 18 16 22 21 14 I 
I #20 LEFT |28 27 25 30 30 30 29 23 22 29 22 21 27 23 20 I 
RIGHT 129 29 28 27 27 24 29 25 24 29 20 19 27 21 19 1 
1 #21 LEFT 129 30 29 28 27 25 29 24 23 22 19 13 25 22 18 I 
RIGHT 129 28 27 26 26 22 28 27 26 27 22 20 26 24 20 | 
1 #22 LEFT |28 26 25 29 22 21 24 22 18 23 26 19 18 17 10 | 
RIGHT 128 
1- -
24 22 26 26 23 27 23 20 23 26 19 23 21 16 | 
1 #23 LEFT 
1 
122 27 20 24 22 16 24 23 19 24 21 16 27 21 20 I 
RIGHT 130 
1 
25 25 29 19 18 25 20 16 21 20 14 25 19 16 | 
1 #24 LEFT 126 24 20 21 20 13 23 16 12 21 15 07 20 19 11 1 
RIGHT 119 27 18 25 20 17 22 23 15 19 20 12 25 19 16 | 
1 #25 LEFT 129 29 28 28 25 23 20 26 16 21 24 15 23 17 13 | 
RIGHT |28 26 24 23 24 18 26 26 22 26 17 14 26 18 15 I 
1 #26 LEFT 125 27 23 26 23 19 26 22 18 24 15 11 22 16 10 | 
RIGHT 130 29 29 19 26 17 27 24 21 20 18 12 19 18 11 1 
1 #27 LEFT 127 26 23 29 26 25 28 22 20 28 21 19 25 21 17 I 
RIGHT 127 27 24 29 27 26 26 27 23 27 25 22 26 17 14 I 
/  /  / /  /  /  /  /  /  
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TABLE 1 (continued) 
I I.D. I LAG II TIME ASYNCHRONY (ms) I 
I I EAR I I 120 | 90 I 60 I 30 I 0 I 
I I I I R  L  D  |  R  L  D  I R  L  D  j  R  L  D | R  L  D  |  
/  /  / /  /  /  /  /  /  
/  /  / /  /  /  /  /  /  
|  |  | |  |  |  |  |  |  
I #28 | LEFTl|28 28 26 125 23 20 126 21 18 126 22 19 123 14 09 I 
I I RIGHT||24 30 24 126 29 25 126 29 25 126 20 18 128 19 18 I 
|  |  | |  |  |  |  |  |  
I #29 I LEFTl|29 29 28 128 26 24 128 29 27 130 26 26 126 27 24 I 
I |RIGHT||29 30 29 130 29 29 129 30 29 126 26 22 127 26 24 I 
I #30 I LEFT|130 27 27 122 25 18 126 27 23 128 23 22 |20 25 16 I 
I |RIGHT||23 30 23 127 29 26 125 28 23 121 27 18 119 27 18 I 
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FIGURE 1 
Dichotic-test results: Single-ear means and ranges as a function 
of interchannel onset-time asynchrony (120, 90, 60, 30, and 0 ms) 
and lag (left-ear lag and right-ear lag). Circles and solid 
lines represent right-ear means and maximum and minimum scores; 
Xs and dotted lines represent left-ear means and maximum and 
minimum scores. 
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TABLE 2 
DICHOTIC-TEST RESULTS: MEANS AND RANGES 
Mean-performance scores (X) and ranges (R) in number correct for 
each time-onset asynchrony (120, 90, 60, 30, and 0 ms) by ear (RE 
= right ear; LE = left ear) and for double corrects (DC), for 
both right- and left-lag conditions. (Lag does not apply for 
0-ms scores.) 
1 
1 
LEFT LAG 1 
I 
I RIGHT LAG 1 
i i 
1 TIME ASYNCHRONY RE 1 LE | 
_ — |
DC | 1 RE | LE 
i 
DC I 
1 120 
1 
X: 
R: 
27.53 
21-30 
126.20 I 
120-30 I 
24.13 I 
16-30 | 
1 27.57 126.23 
I 19-30 118-30 
24.10 I 
15-30 I 
1 90 
1 
X: 
R: 
25.97 
17-30 
124.57 1 
113-30 I 
21.20 I 
10-30 I 
I 26.53 124.97 
1 19-30 119-29 
22.07 1 
16-29 1 
I 60 
1 
1 
X: 
R: 
25.50 
20-30 
123.07 1 
116-29 I 
1 i 
19.23 I 
12-29 1 
| 
I 26.80 124.13 
1 22-30 115-30 
1 | 
21.13 | 
12-29 1 
1 
1 30 
1 
X: 
R: 
24.73 
19-30 
1 1 
120.87 I 
111-28 I 
I I 
16.47 1 
4-26 | 
i 
1 1 
1 25.27 120.60 
1 18-30 113-27 
1 
16.70 1 
7-25 1 
i 1 
I 0 
1 
X: 
R: 
24.17 
18-30 
1 1 
119.93 | 
112-27 I 
- 1 
15.70 1 
6-25 I 
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Right-Ear Advantage (REA) 
As shown in Figure 1, the right ear maintained higher scores 
than the left ear across all conditions for the group. The 
simple-difference scores between the means for the two ears 
ranged from 4% at 120 ms to 16% at 30-ms right lag. The 
difference at 0 ms was 14%. 
Analysis of variance (ANOVA) revealed a significant (p<0.01) 
onset-time asynchrony (T) by ear (E) interaction. Post-hoc Tukey 
analysis substantiated a significant (p<0.01) right-ear advantage 
at 90, 60, 30, and 0 ms. 
The individual-subject data, again using simple-difference 
scores, revealed that 27 (90%) of the subjects had "right-ear 
advantages" when the two 0-ms conditions were averaged for each 
subject. Two subjects (7%) exhibited a "left-ear advantage," and 
one subject (3%) showed no ear preference. When the two 0-ms 
conditions were considered separately, four additional subjects 
demonstrated a "left-ear advantage" (n=2) or no ear preference 
(n=2) in one of the 0-ms conditions, and a "right-ear advantage" 
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in the other 0-ms condition. Therefore, 7 (23%) of the subjects 
exhibited a "left-ear advantage" or no ear preference in at least 
one of the 0-ms conditions. Twenty-three (77%) of the subjects 
showed better right-ear scores at 30-ms right lag, and 21 (70%) 
at 30-ms left lag. 
However, when these individual ear-differences were tested 
for significance using the binomial model, only 19 (63%) of the 
subjects demonstrated right-ear advantages. The REA was evident 
predominantly in the 30-ms right-lag condition where 11 (37%) of 
the subjects had REAs. Eight different subjects (27%) had REAs 
in at least one of the 0-ms conditions, and 5 (17%) had REAs in 
the 30-ms left-lag condition. A fewer number of subjects had 
REAs in other conditions: 3 (10%) in each of the 60-ms 
conditions and at 90-ms left lag, 4 (13%) at 90-ms right lag, 
2 (7%) at 120-ms left lag, and 1 (3%) at 120-ms right lag. Only 
4 (13%) of the subjects demonstrated significant left-ear 
advantages (LEAs): 1 at 90-ms left lag, 1 at 60-ms left lag, and 
2 at 120-ms right lag. 
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Onset-Time-Asynchrony Variation 
As depicted in Figure 1, mean scores for the group increased 
for both ears as onset-time asynchrony lengthened. These data 
demonstrate a smooth trend from 0 ms to 120 ms. The mean 
right-ear scores ranged from 81% at 0 ms to 92% at 120 ms; 
left-ear scores ranged from 66% at 0 ms to 87% at 120 ms. 
Post-hoc Tukey analyses of the significant time-asynchrony by ear 
(T X E) interaction, which was revealed through the ANOVA, 
identified the following significant differences between means 
(p<0.01): For the right ear, 120 ms was greater than 0 and 
30 ms, and 90 ms was greater than 0 ms. For the left ear, 120 ms 
was greater than 0, 30, and 60 ms; 90 ms was greater than 0 and 
30 ms; and 60 ms was greater than 0 and 30 ms. 
Analysis of individual data for significant differences 
between time asynchronies revealed that the greatest number of 
subjects demonstrated differences (for at least one ear in at 
least one lag condition) between 120 and 30 ms (15 subjects), 120 
and 0 ms (11 subjects), 90 and 0 ms (10 subjects), and 90 and 
30 ms (8 subjects). When broken down by ear, the right ear 
demonstrated significant differences between 120 and 30 ms for 5 
subjects, 120 and 0 ms for 5 subjects, 90 and 0 ms for 3 
subjects, and 90 and 30 ms for 2 subjects. For the left ear, 
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there were significant differences between 120 and 30 ms for 14 
subjects, 120 and 0 ms for 10 subjects, 90 and 0 ms for 8 
subjects, and 90 and 30 ms for 7 subjects. 
Right Lag versus Left Lag 
The mean scores depicted in Figure 1 demonstrate that the 
right ear outperformed the left ear in both the right-lag and 
left-lag conditions. Analyses of variance (ANOVA) failed to 
support a statistically significant (at the 0.01 level of 
confidence) lag effect for the group. 
Individual-subject data revealed patterns which varied from 
that of the group data. For some subjects (e.g., Subjects 3, 12, 
and 15) there appeared to be a clear lag effect, in which the 
lagging ear outperformed the leading ear; for other subjects 
(e.g., Subjects 7, 18, and 27) there did not. When the data were 
analyzed for significance via the binomial-distribution model, a 
significant lag effect was not evident for either the group or 
for individual subjects. Two subjects had significantly better 
right-lag scores for the right ear at 120 ms (a lag effect) and 
one for the left ear at 60 ms (a lead effect); one subject had a 
better left-lag score for the right ear at 120 ms (a lead 
effect). When lag- and lead-ear scores of the same condition 
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were compared, only two subjects showed better lag-ear than 
lead-ear scores for the left-lag condition—one at 90 ms and one 
at 60 ms. 
Examples of Individual Variability 
The results demonstrated intersubject variations in both 
performance scores and score patterns. Some of this variation is 
evident in Figure 1 and in Tables 1 and 2. For example, at 30-ms 
left lag, left-ear scores varied from 37-93%, with a mean of 70%. 
Left-ear scores were generally more variable across subjects than 
right-ear scores, as evident in the score ranges. 
Figures 2 through 7 further depict the intersubject 
variability in score patterns. Subject 15 (Figure 2) 
demonstrated better right-ear scores at 0 ms and in the right-lag 
conditions, although the REA was significant only at 30-ms right 
lag. In the left-lag conditions, the left ear approached, and 
then actually surpassed, the right ear; however, this "lag 
effect" was not significant. For Subject 3 (Figure 3), the 
left-ear scores were even higher than the right-ear scores in the 
left-lag conditions than they were for Subject 15. Again, 
however, there was no significant lag effect. For Subject 18 
(Figure 4), the right ear appeared to maintain a strong advantage 
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FIGURE 2 
Dichotic-test results for Subject #15 as a function of 
interchannel onset-time asynchrony (120, 90, 60, 30, and 0 ms) 
and lag (RE Lag = right-ear lag; LE Lag = left-ear lag). 
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FIGURE 3 
Dichotic-test results for Subject #3 as a function of 
interchannel onset-time asynchrony (120, 90, 60, 30, and 0 ms) 
and lag (RE Lag = right-ear lag; LE Lag = left-ear lag). 
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FIGURE 4 
Dichotic-test results for Subject #18 as a function of 
interchannel onset-time asynchrony (120, 90, 60, 30, and 0 ms) 
and lag (RE Lag = right-ear lag; LE Lag = left-ear lag). 
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FIGURE 5 
Dichotic-test results for Subject #8 as a function of 
interchannel onset-time asynchrony (120, 90, 60, 30, and 0 ms) 
and lag (RE Lag = right-ear lag; LE Lag = left-ear lag). 
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FIGURE 6 
Dichotic-test results for Subject #22 as a function of 
interchannel onset-time asynchrony (120, 90, 60, 30, and 0 ms) 
and lag (RE Lag = right-ear lag; LE Lag = left-ear lag). 
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over the left ear (except at 90-ms right lag), even when the left 
ear lagged. This REA was significant at 90- and 30-ms left lag, 
at 0 ms (G), and at 30- and 60-ms right lag. Subject 8 
(Figure 5) demonstrated a probable ceiling effect. Most of this 
subject's scores approached 100%, such that clear ear differences 
were not evident except in the 0-ms and 30-ms right-lag 
conditions. However, only the 30-ms right-lag condition yielded 
a significant REA. Subject 22 (Figure 6) appeared to demonstrate 
considerable variability in right- and left-ear scores; but the 
only significant difference between the ears was at 90-ms left 
lag. Subject 24 (Figure 7) demonstrated yet another pattern. 
When the 90-ms left-lag and right-lag conditions are compared, 
there appears to be a lag effect which is not present at 30 or 
60 ms, and an REA at 0 ms, though none of these was significant. 
Double-Correct Results 
Figure 8 depicts the results for double-correct scoring for 
the 30 subjects, including mean-performance scores and ranges. 
Individual raw scores are contained in Table 1 with the 
single-ear scores, and group means and ranges are listed in 
Table 2. 
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FIGURE 7 
Dichotic-test results for Subject #24 as a function of 
interchannel onset-time asynchrony (120, 90, 60, 30, and 0 ms) 
and lag (RE Lag = right-ear lag; LE Lag = left-ear lag). 
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A pattern similar to that of the single-ear scores was 
obtained: the poorest mean scores were at the shortest time 
asynchronies and improved as the lags became longer. Mean scores 
ranged from 52% at 0 ms to 80% at 120 ms. The average score 
across all conditions was 65% correct (vs. 86% for the right ear 
and 77% for the left ear). Intersubject variation was evident 
for double corrects, even more so than was present for the 
single-ear scores. For example, the double-correct range at 
30-ms left lag was 13-87%, vs. 63-100% for the right ear and 
37-93% for the left ear. 
Analysis of variance (ANOVA) indicated a significant main 
effect for onset-time asynchrony (T) only (p<0.01), and no 
interaction of lag and time. That is, as with the single-ear 
scores, double-correct scores for the group varied as a function 
of time asynchrony, and varied similarly in both the right-lag 
and left-lag conditions. Post-hoc Tukey analysis demonstrated 
that the 120-ms mean was significantly greater than 90, 60, 30, 
and 0 ms; 90 ms was greater than 30 and 0 ms; and 60 ms was 
greater than 30 and 0 ms. There was no significant difference 
between 30 and 0 ms or 60 and 90 ms. 
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The analysis of individual data according to the binomial 
model also yielded results similar to those of the single-ear 
data. That is, 120 ms vs. 30 and 0 ms, and 90 ms vs. 0 and 30 ms 
yielded the most differences: 120 ms differed significantly from 
30 ms for 18 (60%) of the subjects, and from 0 ms for 17 (57%) of 
the subjects; 90 and 0 ms differed significantly for 12 (40%) of 
the subjects, and 90 and 30 ms differed for 10 (33%) of the 
subjects. 
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FIGURE 8 
Dichotic-test results: Double-correct means and ranges as a 
function of interchannel onset-time asynchrony (120, 90, 60, 30, 
and 0 ms). Circles connected by the dotted line represent mean 
scores. Solid lines represent the maximum and minimum scores. 
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Summary 
The dichotic-test results obtained in the present study for 
the group, as analyzed by analyses of variance and post-hoc Tukey 
tests, supported two of the three hypotheses: Consistent with 
previous studies, there was 1) a significant (p<0.01) right-ear 
advantage at 0 ms, and 2) significant (p<0.01) variation of 
performance scores as a function of interchannel onset-time 
asynchrony, in which scores improved as the asynchrony 
lengthened, for both single-ear and double-correct scores. The 
third hypothesis—that the data would demonstrate a lag 
effect—was not supported. 
Individual-subject data demonstrated intersubject 
variability which was not evident in the group data (collapsed 
across subjects), in terms of specific performance scores and 
score patterns across all time-asynchrony and lag conditions. 
Although the group data yielded a mean REA of 14% at 0 ms and 16% 
at 30-ms right lag when an "absolute difference" was calculated 
(i.e., right-ear score minus left-ear score)—an "advantage" also 
observed for 27 (90%) of the subjects—many of the subjects 
showed no significant ear preference when the individual-subject 
scores were analyzed according to the binomial-distribution 
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model. Eight (27%) of the subjects did not demonstrate a 
significant ear advantage (right or left) in any of the 
conditions. Twenty-two (73%) of the subjects showed no ear 
preference in either of the 0-ms conditions; 19 (63%) had no ear 
preference at 30-ms right lag; and 25 (83%) had no ear 
preference at 30-ms left lag. However, as with the group data, a 
right-ear advantage was most evident at 30-ms right lag, next at 
0 ms, and third, at 30-ms left lag. 
Significant differences as a function of time asynchrony for 
the group single-ear data were demonstrated for both ears between 
120 and 0 ms, 120 and 30 ms, and 90 and 0 ms. Similarly, 
significant differences for the greatest number of subjects, 
using the binomial model, were found for 120 vs. 30 ms (15 
subjects), 120 vs. 0 ms (11 subjects), and 90 vs. 0 ms (10 
subjects). For both the group and individual results, there were 
more significant differences for the left ear than for the right 
ear. Group double-correct scores also varied significantly as a 
function of time asynchrony: 120 ms was greater than 90, 60, 30, 
and 0 ms; 90 ms was greater than 30 and 0 ms; and 60 ms was 
greater than 30 and 0 ms. As with the single-ear results, the 
significant individual differences were most frequent between 120 
and 30 ms (18 subjects), 120 and 0 ms (17 subjects), and 90 and 
Page 55 
0 ms (12 subjects). The individual-subject data for both 
single-ear and double-correct scores demonstrated that the 
differences as a function of interchannel time asynchrony do not 
occur for many of the subjects. 
Like the group data, the individual results did not support 
the presence of a lag effect. Only two subjects demonstrated a 
significant lag effect via the binomial distribution, in which 
the lagging ear scored better than it did in the comparable lead 
situation. These two subjects showed a lag effect for the right 
ear at 120 ms. (Also, two subjects showed lead effects—one for 
the right ear at 120 ms, and one for the left ear at 60 ms.) When 
left-lag right-ear and left-ear scores were compared, only two 
subjects had better lag-ear (left-ear) scores. What appeared to 
be lag effects and lead effects in the graphed score-patterns of 
various subjects usually were not significant. Although not 
significant, these variations were not evident from the pattern 
demonstrated by group means, or even ranges. 
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CHAPTER IV 
DISCUSSION 
The purpose of the present study was to generate normative 
data regarding the performance of young adults on a dichotic 
listening task. The task involved the identification of dichotic 
nonsense syllables (CVs) at various interchannel onset-time 
asynchronies under right-ear and left-ear lagging conditions. 
Although similar studies have been undertaken in the past, the 
use of more stringent controls over variables of subject 
selection appeared desirable. In addition, information regarding 
normal variability of performance was lacking. The present study 
provided such information, including means, ranges, and specific 
frequency-analysis of individual results according to a 
binomial-distribution model. Group data also were analyzed, and 
were compared with the results of prior studies. These group 
data supported previous findings by demonstrating a right-ear 
advantage (REA) during simultaneous presentation of the stimuli, 
as well as variation of performance as a function of interchannel 
time asynchrony; but, unlike prior studies, they did not support 
the presence of a lag effect. 
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Based oil the scores of 30 young adults with normal auditory 
function, the results indicated mean dichotic scores which were 
similar to, but somewhat greater than, those reported by some 
other investigators (e.g., Berlin et al., 1973b; Drachman, 
Noffsinger, Sahakian, Kurdziel, & Fleming, 1980; Lowe, 1970; 
Noffsinger, 1981b). This was not surprising in view of two major 
factors. First of all, the stimuli used in the present study 
were made digitally and were computer-controlled, whereas those 
in some of the earlier studies (e.g., Berlin et al., 1973b; 
Lowe, 1970) were generated using a delay line and analogue 
tape-recording techniques. Signal-to-noise ratios are enhanced 
with digital control. Secondly, most prior studies were not 
controlled as stringently as the present study in terms of 
subject-selection criteria regarding normal auditory function. 
As noted previously, 13 potential subjects who reported normal 
hearing were rejected from this study since they did not meet all 
of the preliminary-test criteria, which assessed auditory 
function from peripheral to cortical levels. Differences from 
previous studies in other stimulus, subject, and procedural 
variables may have affected the results to some extent, as well. 
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Statistical analyses of group data supported the presence of 
a significant right-ear advantage. The 14% simple-difference (or 
absolute) right-ear advantage at 0 ms was similar to the 10-14% 
REA found in other studies (Berlin et al., 1973b; Cullen et al., 
1974a; Gelfand et al., 1980; Studdert-Kennedy & Shankweiler, 
1970). As expected, mean scores for both ears improved as 
interchannel time asynchrony lengthened. This was significant 
for both single-ear and double-correct scores. The greater 
number of significant effects found for the left ear was not 
surprising since the right ear frequently scored better than the 
left ear, to the point of reaching or nearing the test limits 
(100%). As expected, the average of 65% double-correct across 
all conditions was lower than the 86% for the right ear and the 
77% for the left ear. However, the wide range of double-correct 
scores (particularly at 30 and 0 ms) renders this scoring 
technique useless, since it is unlikely that it would 
differentiate normal from abnormal performance or provide 
additional information from that of the single-ear scores. 
Although a lag effect has been reported in other normative 
studies (e.g., Berlin et al., 1973b; Kirstein, 1971; 
Studdert-Kennedy et al., 1970), there was no significant lag 
effect for the group in the present study. The score patterns, 
evident in the graphs of individual subjects, provided a 
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preliminary explanation for this: Although the data for some 
subjects demonstrated what appeared to be clear lag effects, for 
others they did not. The presence of "lag effects" for some 
subjects and "lead effects" for other subjects appeared to have a 
cancelling effect when the data were collapsed across all 
subjects, such that a lag effect was not significant 
statistically for the group as a whole. 
Analysis of the individual-subject results, according to a 
binomial-distribution model (Thornton & Raffin, 1978), was most 
revealing in projecting normal variability of scores. Obviously, 
a substantial amount of information was masked by knowledge only 
of group means. These individual, "binomial-analyzed" data 
(which will be called the "individual-binomial" results) yielded 
REAs for fewer subjects than did the simple-difference scores; 
e.g., 8 vs. 27 subjects at 0 ms, and 11 vs. 23 subjects at 30-ms 
right lag. In addition, there were more significant REAs at 
30-ms right lag, but more absolute or simple-difference REAs at 
0 ms. (Regarding magnitude, however, the group means 
demonstrated the largest simple-difference REA at 30-ms right 
lag.) Therefore, absolute ear advantages which are computed 
simply by subtracting the score for one ear from that of the 
other (e.g., R-L), or even absolute "ear indexes" such as 
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(R-L)/(R+L) x 100 (Blumstein et al., 1975; Zatorre, 1979) and 
(errors to R - errors to L)/total number errors (Pizzamiglio et 
al., 1974), are inadequate for the determination of ear 
preference in the dichotic paradigm because they do not deal with 
the significance of ear differences. Even if resulting indexes 
are analyzed for significance through t-tests, the results are 
less than adequate since the t-test is based upon the normal 
distribution, which does not account for the skewness of a 
distribution confined by 0 and 100%. While one may conclude that 
group data yield significant REAs, the individual-binomial data 
indicate that many subjects will not demonstrate an REA in any 
given condition, such as 0 ms or 30 ms. In fact, 37% of the 
subjects did not have an REA in any condition. Lauter (1982) was 
one of few investigators who analyzed individual data. She 
focused on a "relative" ear advantage, in which ear advantage for 
speech sounds (such as GVs) were placed with other sounds along a 
continuum of "right-most" versus "left-most." Perhaps further 
research using these concepts and incorporating the binomial 
model to determine significant differences, and using a greater 
number of subjects, would enhance knowledge of the REA. 
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The individual-binomial results were revealing also in 
defining expectations regarding score differences as a function 
of the interaural time asynchrony. The means demonstrated a 
smooth trend from poorest to highest scores along a continuum 
from no interaural time difference (0 ms) to the greatest 
difference (120 ms), where the difference between any two 
successive points was not significant; only asynchronies which 
were 90 ms or more apart yielded significant differences in most 
cases. The individual-binomial results were similar, in terms of 
those conditions yielding the greatest number of significant 
differences for the subjects (i.e., those that were at least 
90 ms apart). However, the individual data further indicate that 
most normals will not show these differences, even in the 
conditions which are 90 ms apart: 15 out of 30 subjects had 
significantly better scores at 120 than at 30 ms for both ears, 
11 at 120 vs. 0 ms, and 10 at 90 vs. 0 ms. As was the case with 
the group data, there were more significant differences for the 
left ear than for the right ear—presumably for similar reasons. 
That is, there were a greater number of better right-ear scores; 
the right-ear differences were likely minimized because of the 
upper limits of the test. 
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Both the group data and the individual-binomial data failed 
to support the presence of a lag effect. This is in contrast to 
reports from other researchers (e.g., Berlin et al., 1973b; 
Kirstein, 1971; Noffsinger, 1981a; Studdert-Kennedy et al., 
1970). Initially, what appeared to be clear lag effects for some 
of the individual subjects and lead effects for others seemed to 
have a cancelling effect, such that even if most subjects had lag 
effects, variability across other subjects in the opposite 
direction cancelled the significance of such effects. However, 
the individual-binomial data failed to reveal significant lag 
effects for the individual subjects, as well. By definition, the 
lagging ear performs better than the leading ear when the lag 
effect is operating. In the right-lag condition (at 
approximately 60-90 ms), then, one would expect the right ear to 
do better than in the left-lag condition. For example, if the 
right-ear scores for 60-ms right lag and 60-ms left lag are 
compared, they should be better for 60-ms right lag. The same 
would hold true for the left ear in the left-lag condition. 
However, at both 60 and 90 ms, the left ear did not do better in 
the left-lag than in the right-lag condition, and the right ear 
did not do significantly better in the right-lag condition—for 
any of the subjects. The individual results can be compared in 
another way: Does the right ear perform significantly better 
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than the left ear in the right-lag conditions (particularly at 60 
and 90 ms), and does the left-ear outperform the right ear in the 
left-lag condition (or at least score similarly to the right ear 
by overcoming any REA that may be operating)? The results in 
Table II clearly demonstrated that there was very little 
difference regardless of ear or lag: At 60-ms right and left 
lag, three subjects showed better right-ear scores, although one 
subject showed a better left-ear score at 60-ms left lag. At 
90-ms right lag, four subjects had a better right-ear score, and 
at 90-ms left lag, three subjects had a better right-ear score 
and one had a better left-ear score. Although there was a great 
deal of intersubject variability in the score patterns—as 
evident in viewing graphs of their scores—there were not even a 
sufficient number of significant lag versus lead effects to 
warrant a "cancelling-out" theory to explain the lack of a lag 
effect for the group data. Viewing simple-differences of the 
graphed scores was not sufficient to conclude the presence of a 
lag effect either for the group or for individuals. 
Why was there no lag effect in the present study, and why 
did there seem to be relatively few significant effects for 
individual subjects? At least three explanations appear 
relevant. First, the study did not rely on group trends to 
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predict individual behavior, and second, it did not define 
variability in terms of simple differences or significant 
differences based on the normal distribution. In fact, the range 
of scores subtended by the mean plus one standard deviation 
exceeded 30 correct (100%); because this is impossible, the 
application of the standard deviation to these kinds of data is 
inappropriate. The group data were analyzed statistically and, 
with the exception of no lag effect, generally were consistent 
with prior research. The variability across subjects was 
investigated using a mathematical model that accounts for test 
length and the skewness of a distribution with upper and lower 
limits. Since the test list consisted of only 30 items, the 
measurement error was greater than had the test list been longer, 
for example, 60, 90, or 120 items. (The two 0-ms conditions were 
typically averaged into a 30-item test since there was no 
significant difference between the two conditions.) 
Third, the level of confidence was stringent (0.01). This 
was done purposely, however, to reduce the number of false 
positives in this presumably normal population. This was deemed 
important in light of the intersubject variability reported from 
prior studies. Thus, the variability of normal performance was 
more clearly identified for a 30-item test list. The stringent 
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confidence level also allows for the possibility of heterogeneity 
in certain aspects of the normal population. For example, 
although variables of auditory function and stimulus presentation 
(and age, to some extent) were controlled carefully in the 
present study, many other possible variables were not (i.e., 
education, intelligence, handedness, etc.). Despite inclusion of 
an equal number of males and females, these two groups were not 
matched specifically. Other than, perhaps, parameters of 
auditory function as assessed by the preliminary battery, and 
general subject-selection criteria, within-group homogeneity 
along all parameters could not be presumed. Therefore, a 0.01 
level of confidence in determining significant gender effects was 
deemed appropriate. 
The results of the group-statistical and individual-binomial 
analyses are useful to the audiologist clinically in deciding 
which dichotic conditions to administer, particularly when time 
is limited. The complete battery of 10 dichotic conditions took 
approximately one hour to administer. For both group and 
individual data, the greatest score differences were obtained for 
time asynchronies that were at least 90 ms apart: 120 and 0, 120 
and 30, and 90 and 0. The 60-ms conditions, therefore, were less 
useful. There were few differences between 120 and 90 ms, such 
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that one of these asynchronies should be eliminated. Although 
there were slightly more differences between 120 and 0/30 ms than 
90 and 0/30 ms, this might be expected as one moves along a 
continuum away from true dichotic presentation toward temporal 
ordering of two monaural signals. That is, more people may 
process the signals temporally at 120 ms than at 90 ms. Also, 
although the present study failed to demonstrate a significant 
lag effect, those who have identified such a phenomenon found 
that it was most obvious at 60-90 ms. Therefore, until further 
replicative research is accomplished, retention of the 90-ms 
conditions is desirable. In addition, prior studies have found 
differences in the lag effect between their lesion patients and 
their normals. Until more is known about how the scores of such 
lesion patients vary when analyzed in the same ways as the 
normative data of the present study, the 90-ms conditions are a 
better choice than the two 120-ms conditions. 
Should one decide to eliminate either the 0-ms or 30-ms 
conditions, the choice is dependent upon the professional 
interests of the audiologist. Since a greater number of prior 
studies have utilized 0 ms, data comparison is enhanced by using 
this condition. Also, there were slightly more significant 
individual differences between 90 and 0 ms than between 90 and 
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30 ms (10 subjects vs. 8 for single-ear scores, and 12 vs. 10 for 
double-correct scores). On the other hand, if one is interested 
in maximizing ear differences and looking at the REA phenomenon, 
the REA was present more frequently in the 30-ms right-lag 
condition than in the two 0-ms conditions: 11 subjects vs. 8 (12 
subjects for at least one 30-ms condition vs. 8 subjects for at 
least one 0-ms condition). 
Thus, while the utilization of a number of conditions may 
provide the greatest amount of information for research purposes 
(depending upon one's interests) and, perhaps, the greatest 
amount of information regarding an individual's performance given 
the shortness of the test and inherent variability, the present 
data indicate that the 0- and 90-ms and/or 30- and 90-ms 
conditions yield sufficient information from which to draw 
diagnostic conclusions. For the purpose of lesion detection, the 
90-ms and 0-ms conditions are recommended. The elimination of 
six conditions (e.g., the 120-ms, 60-ms, and the 30- or 0-ms 
conditions) would also reduce administration time 
appreciably—from approximately 60 minutes for 10 conditions, to 
24 minutes for 4 conditions. 
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However, the implications of test length must be considered 
further. As Thornton and Raffin (1978) pointed out, in choosing 
a relatively short test-list (in this case 30 items), there is a 
trade-off between the accuracy in predicting an individual's true 
performance score and administration time. That is, the shorter 
the test (and, hence, the administration time) the larger the 
measurement error. In the present study, many of the scores were 
not significantly different from each other for individual 
subjects, partially due to the measurement error which is 
directly related to test length. If one wishes to decrease this 
error, a longer test must be used; this, of course, increases 
administration time. On the other hand, perhaps the present 
classification of "normal" is adequate and need not be more 
discrete. Prior research indicates that the performance of 
cortical-lesion patients is distinctly different from that of 
normals (e.g., Berlin et al., 1974; Cullen et al., 1974a; 
Noffsinger, 1981a). If this proves true when these data are 
obtained and analyzed similarly to those of the present study, 
and if this is the population of interest to the investigator, 
the 30-item test would be adequate. However, attempts have been 
made to differentiate patients with other disorders (e.g., 
certain brainstem lesions and learning disabilities) from normals 
on the basis of dichotic-test results; the results have yielded 
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less pronounced differences. For the latter cases, the 
investigator may want to increase the length of the test list in 
order to reduce the measurement error. This appears particularly 
important if double-correct scores are used as the basis for the 
differentiation of normal and pathological populations, in light 
of the wide range of normal double-correct scores on the 30-item 
test list—a range which prevents this 30-item measurement from 
being clinically useful. Based on the results of the present 
study, and until further research is accomplished with lesion 
patients, the following performance is considered abnormal: 
single-ear scores for one or both ears which are poorer than the 
normal range (defined herein) for all three of the recommended 
conditions (0 ms, 90-ms right lag, and 90-ms left lag). None of 
the subjects in this study demonstrated performance scores at the 
bottom of the range in more than one (n=7) or two (n=l) of these 
conditions. 
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CHAPTER V 
CONCLUSION 
The purpose of the present study was to generate normative 
dichotic data, using stringent subject-selection criteria to 
ensure normal auditory function. Both group and individual data 
were analyzed. The group results were similar to those of 
previous studies in terms of the right-ear advantage (REA) and 
the variation of subject scores as a function of interchannel 
onset-time asynchronies (better scores with longer time 
asynchronies). Mean scores also were similar, but were somewhat 
greater than those reported by some of the other investigators. 
This was thought to be partially related to the carefully 
controlled subject-selection criteria and stimulus materials. 
Unlike prior research, however, the present data did not 
demonstrate a lag effect. 
The individual data, analyzed for significant differences 
according to a binomial-distribution model, demonstrated that the 
mean group data were misleading in interpreting a given 
individual's performance, since the mean data did not predict 
normal variability. Specifically, although the greatest number 
of subjects who demonstrated REAs did so for the 0-ms or 30-ms 
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right-lag conditions, most subjects did not demonstrate a 
significant REA at 0 ms or 30 ms. In addition, most subjects did 
not demonstrate a smooth trend from poorest to highest scores as 
time asynchrony lengthened. 
These results suggested that absolute/simple-difference 
scores are inadequate for determining ear advantages or 
performance differences since they do not indicate the 
significance of differences. Furthermore, tests of significance 
based on the normal distribution (such as t-tests) are not 
satisfactory since they fail to account for the skewed 
distribution inherent in scores expressed as proportions. What 
appeared to be REAs, LEAs, and lag effects for individual 
subjects usually were not, since the differences were not 
significant and might be attributable to measurement error. 
Although a stringent confidence level (0.01) was used, thereby 
decreasing the number of significant effects, the resulting 
reduction in false-positive errors was deemed more important for 
this study. In addition, the measurement error associated with a 
relatively short test-list, such as the 30-item lists used in 
this study, likely contributed to the small number of scores with 
significant differences. 
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The results revealed several clinical implications. Since 
time asynchronies yielding the greatest number of significant 
differences for both group and individual results were those 
which were at least 90 ms apart, fewer conditions could be used 
clinically in most cases. The 90- and 0-ms conditions appeared 
to be the most useful for clinical application. In addition, the 
large range of double-correct performance scores indicates the 
unlikelihood that this scoring technique would result in the 
differentiation of pathological from normal, or in information 
beyond that provided by the single-correct scoring. Therefore, 
double-correct scoring should be eliminated. On the basis of the 
data obtained in the present study, performance scores would be 
considered abnormal if an individual's performance for either ear 
fell below the normal range (as defined herein) in all three 
conditions: 90-ms left lag, 0 ms, and 90-ms right lag. 
However, further research is warranted to investigate the 
performance of lesion patients when the data are gathered and 
analyzed in a manner similar to that of the present study. While 
the measurement error, as evidenced by normal variability, was 
higher than was expected, this may be acceptable should lesion 
patients demonstrate significantly different scores. If there is 
unacceptable overlap, however, a longer test-list in each 
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condition should be investigated in order to reduce the 
measurement error. Furthermore, the ways in which the scores of 
lesion patients are discussed should be modified, in light of the 
present study's normal results. Specifically, reference to 
"better-than-normal" scores (usually defined as perfect or 
near-perfect scores) is inaccurate when the range of normal 
scores is considered. Since normals score at or near 100%, 
lesion patients who score similarly cannot be considered 
"better-than-normal" just because the score for one ear is 
greater than the mean. 
Future normative studies might also consider ways in which 
to implement subject-selection on the basis of preliminary 
testing. The subjects in the present study exhibited normal 
auditory behavior by passing criteria for all of the measures 
used. Thirteen potential subjects, who were thought to be 
normal, were ruled out of the study on the basis of one or more 
of these criteria. An interesting question regarding these 
potential subjects is: How many would demonstrate normal 
dichotic results, as defined by the results of this study? Only 
two of these excluded individuals received dichotic testing, and 
the results of both fell within the normal range. One was 
excluded on the basis of an air-conduction interaural threshold 
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difference at 8000 Hz; the other was excluded due to an 
air-conduction interaural threshold difference at 6000-Hz and 
elevated contralateral acoustic reflexes at 500-Hz (105-dB HL). 
Should subjects have been rejected on the basis of one or two 
tests alone when no clinical abnormality was present? Would the 
inclusion of such individuals have made a difference in the 
present study and, if so, how? 
Probably the most important conclusion to be drawn from this 
study was that information regarding mean group behavior may not 
predict normal individual-subject variability. It certainly did 
not in the present study. This suggests that information 
regarding normal performance variability is valuable in 
determining normal versus disordered behavior. In addition to 
mean scores, normal frequency-distribution and range information 
are necessary for data interpretation. Finally, caution is 
recommended in the interpretation of graphic information and 
absolute scores (for both group and individual results) regarding 
performance-score differences. 
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APPENDIX A 
LITERATURE REVIEW: NORMAL DICHOTIC FINDINGS AND LESION EFFECTS 
Normal Findings 
Dichotic Right-Ear Advantage (REA) 
The finding in dichotic test results, using normal 
listeners, which has been used most often to substantiate 
left-hemisphere dominance for speech, is that of a "right-ear 
advantage" (REA). At least since the early studies of Broadbent 
(1954), numerous investigators have noted that when dichotic 
speech is presented simultaneously to the two ears, subjects 
usually report the stimulus presented to the right ear more 
accurately than that presented to the left ear (Berlin et al., 
1973a; Berlin et al., 1973b; Gelfand et al., 1980; Kimura, 
1961a, 1961b, 1967; Lowe et al., 1970; Millay et al., 1977; 
Mirabile et al., 1978; Porter et al., 1976; Ryan & McNeil, 
1974; Zatorre, 1979). This REA is not seen when the same 
stimuli are presented monaurally (Beiter & Sharf, 1976; Kimura, 
1967; Mirabile et al., 1978) or monotically (Berlin et al., 
1973b; Lowe et al., 1970). Although dichotic scores for both 
ears are suppressed from the 96-100% monaural intelligibility 
(Berlin & McNeil, 1976), the right ear usually outperforms the 
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left ear by approximately 10-14% (Berlin et al., 1973b; Gelfand 
et al., 1980; Noffsinger & Kurdziel, 1979; Studdert-Kennedy & 
Shankweiler, 1970). For example, from a variety of studies at 
the Kresge Hearing Research Laboratory of the South, 70-80% 
accuracy was obtained for the right ear and 58-70% accuracy for 
the left ear (Berlin & McNeil, 1976). 
The REA has been elicited with synthetic speech as well as 
natural speech (Lowe et al., 1970), and with nonsense syllables 
as well as with "meaningful" speech (Berlin et al., 1973a, 1973b; 
Gelfand et al., 1980; Kimura, 1961a, 1961b, 1967; Lowe et al., 
1970). However, the use of consonants as part of the stimuli 
appears essential since significant lateralization is not 
observed for dichotic vowels (Blumstein, Tartter, Michel, Hirsch, 
& Leiter, 1977; Studdert-Kennedy et al., 1970). The REA also is 
seen across a wide range of ages, from young children (Bakker et 
al., 1978; Berlin et al., 1973a; Kimura, 1967; Mirabile et 
al., 1978) to young adults (Berlin et al., 1973b; Gelfand et 
al., 1980; Lowe et al., 1970; Pizzamiglio et al., 1974; Porter 
et al., 1976; Studdert-Kennedy & Shankweiler, 1970) to the 
elderly (Borod & Goodglass, 1980; Gelfand et al., 1980; 
Kurdziel & Noffsinger, 1977). In addition, the REA appears to 
exist independently of gender (Berlin et al., 1973a; Hynd, 
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Obrzut, Weed, & Hynd, 1979; Satz, Bakker, Teunissen, Goebel, & 
Van der Vlugt, 1975). 
The research regarding a possible relationship between 
handedness and the REA is inconsistent and inconclusive. For 
example, Geffen and Traub (1979) and Lishman and McMeekan (1977) 
found differences between right- and left-handed persons in the 
incidence, but not the magnitude, of ear asymmetries (REAs and 
LEAs). Others found differences in the magnitude of ear 
asymmetry (i.e., smaller ear differences for left-handed 
persons), but found the incidence of REAs to be greater in both 
left- and right-handed persons (Bryden, 1965; Curry, 1967; 
Curry & Rutherford, 1967; Satz et al., 1965; Zurif & Bryden, 
1969). Satz et al. (1965) stated that, although ear asymmetry, 
handedness, and cerebral dominance may be related, the nature of 
this relationship is unclear. Bryden (1965) concluded that ear 
asymmetry is more closely related to cerebral dominance than 
handedness. 
Kimura (1961a, 1961b, 1967) postulated that the REA occurs 
as a result of stronger crossed than uncrossed auditory pathways 
and greater neural representation in the opposite (left) cerebral 
hemisphere for speech stimuli; i.e., "the pathways connecting 
the ears to their opposite hemispheres are apparently more 
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effective than the ipsilateral pathways" (1967, p. 164), such 
that the right ear has better connections with the 
left-hemisphere speech centers than does the left ear. In 
contrast, left-ear superiority was observed in response to 
dichotically presented melodic tasks, suggestive of 
right-hemisphere dominance in the perception of nonspeech stimuli 
(Kimura, 1967). 
While most investigators have accepted Kimura's view that 
perceptual asymmetries (REAs and LEAs) reflect asymmetrical 
cerebral hemispheric function (Kirstein, 1971; Repp, 1977; 
Studdert-Kennedy, 1975), the REA probably does not account fully 
for left-hemisphere dominance for speech (Berlin et al., 1973b; 
Repp, 1977). Berlin et al. (1973b) noted that "ascribing the 
right-ear advantage to a dominant left hemisphere does not 
explain the functions of the left ear in dichotic tasks" 
(p. 704): (a) not all normals exhibit the REA in dichotic speech 
tasks; e.g., 17% exhibited LEAs in the studies of both Berlin et 
al. (1973b) and Kirstein (1971), while Studdert-Kennedy et al. 
(1970) observed an LEA in 12% and no significant ear preference 
in 25% of their subjects; (b) both ears do poorer in dichotic 
vs. monaural listening tasks; and (c) left-hemisphere dominance 
and the presence of the REA in normals does not predict what has 
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been observed in patients with temporal-lobe lesions; e.g., 
patients with "either right or left anterior temporal lobe 
lesions generally show contralateral ear deficits in dichotic 
listening....[and] hemispherectomees show almost 100% 
intelligibility in their ipsilateral ears despite dichotic 
'input'" (Berlin et al., 1973b, p. 704). Speaks et al. (1981) 
contended that inferences regarding hemispheric speech processing 
could not be based only on ear-advantage size and direction for a 
given pair of syllables presented dichotically due to the joint 
operation of lateral asymmetry and "stimulus dominance," where "a 
higher score results for one of the two competing syllables—the 
'dominant' one—regardless of the ear to which it is presented" 
(p. 430). 
Berlin et al. (1973b) concluded that "both temporal lobes 
process speech material and, through different but mutually 
interactive and suppressive pathways, transmit this information 
to the left posterior temporal-parietal areas" (p. 705). When 
stimulated contralaterally, this "left hemisphere speech 
processor" suppresses information from ipsilateral sources. 
Studdert-Kennedy and Shankweiler (1970) also supported this 
theory of a left-hemisphere speech processor, whereby both 
hemispheres may extract auditory information from speech stimuli, 
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but linguistic "interpretation" of phonetic features is the role 
of the language-dominant hemisphere (p. 590). 
Both "delay" and "degradation" theories have been postulated 
to account for the believed loss of information from the left-ear 
input in response to dichotic speech materials (Pisoni, 1975). 
The delay theory contends that there is loss from the additional 
time necessary for the left-ear input to reach the dominant 
(left) hemisphere since it must go farther; i.e., to the right 
hemisphere, across the corpus callosum, then to the left 
hemisphere (Pisoni, 1975). While both theories assume that 
left-ear input arrives at the left hemisphere later than 
right-ear stimuli, the degradation theory speaks specifically to 
a loss of information from the ipsilateral ear due to the 
reception of a poorer, more degraded signal. Cullen, Thompson, 
Hughes, Berlin, and Samson (1974b) speculated that additional 
neural relays in transmitting information from the right 
primary-auditory cortex to the left temporal-parietal cortex 
causes a poorer internal signal-to-noise ratio. 
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Other theories have been postulated regarding the nature of 
the REA (discussions of which may be found in Berlin and McNeil, 
1976, and Studdert-Kennedy, 1975). These theories (which are not 
necessarily mutually exclusive) include the following: 
1. A selective-attention theory, proposing a response bias 
toward speech input to the right ear (e.g., Broadbent, 1954). 
2. A memory or storage model, proposing that dichotic listening 
places greater stress on memory function than nondichotic 
tasks, and that if the task is long or complex enough, the 
REA can be demonstrated in monaural listening as well. 
3. Vocal-tract gesture coding, whereby the REA may be related to 
any acoustic event which can be linked perceptually to 
vocal-tract motions, as in Sussman's (1971) suggestion of "a 
functional prepotency of the sensorimotor feedback channels 
from the tongue to the left hemisphere" (p. 1878). 
4. Perceived source of auditory space, where attention to sounds 
are distributed or localized spatially, such as "built-in," 
earlier or more efficient response to environmental noise on 
the left side vs. speech on the right. 
5. A temporal-sequencing theory, whereby temporal sequencing is 
viewed as a left-hemisphere function with speech as a 
particular case of temporal sequence: the right hemisphere 
is responsible for spatial analysis and holistic figure 
recognition, and the left hemisphere is responsible for 
temporal analysis and abstraction. 
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Dichotic Lag Effect 
A second major phenomenon which has been observed in 
dichotic stimulation, and which appears to occur independently of 
the REA, is the dichotic "lag effect" (Berlin & Cullen, 1975; 
Kirstein, 1971; Studdert-Kennedy et al., 1970). This effect, 
so-named by Studdert-Kennedy et al. (1970), is seen when the 
lagging member of a dichotic pair of stimuli of different onset 
times is perceived more accurately than the stimulus presented 
first. 
From 0 ms to approximately 10-15 ms asynchrony, the dichotic 
stimuli appear to be perceived simultaneously; during this time 
period, the REA is seen in most normal listeners (Berlin et al., 
1973b; Kirstein, 1971; Studdert-Kennedy et al., 1970). 
However, at temporal offsets of about 30-70 ms, the REA 
disappears, and the lag effect is seen at its strongest (Berlin & 
Cullen, 1975; Berlin et al., 1973b; Kirstein, 1971; Mirabile 
et al., 1978; Porter, 1975; Studdert-Kennedy et al., 1970). In 
the research of Studdert-Kennedy et al. (1970), not only was the 
REA overcome by the lag effect, but the left ear actually 
outperformed the right ear. 
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The analysis of the lead syllable appears to be interrupted 
by the intrusion of the second (lagging) syllable, perhaps due to 
central competition for a single speech processor between signals 
which arrived via separate pathways (Berlin & McNeil, 1976; 
Berlin et al., 1973b; Kirstein, 1971; Porter, 1975; 
Studdert-Kennedy et al., 1970). The lead syllable is occluded 
"by a switch in channels just as the crucial information in that 
syllable is being processed" (Studdert-Kennedy et al., 1970, 
p. 601). Beyond 90-120 ms, the lags are great enough to allow 
time for the lead syllable to be processed; the system now 
appears to respond to and analyze the signals sequentially, and 
both scores improve gradually (Berlin et al., 1973b; Kirstein, 
1971; Porter, 1975). 
Kirstein (1971) demonstrated that the lag effect was not 
related to conscious perception of the temporal arrival order, or 
to recall strategies involving ear-of-arrival reporting. Studies 
utilizing both speech and nonspeech stimuli indicate that the lag 
effect reflects interruption in speech processing of dichotic 
consonant-vowel (or vowel-consonant) stimuli, as the effect is 
small or absent in response to dichotic steady-state vowels, to 
stop- vs. liquid-consonant competition, to stop-CV presentation 
to one ear and noise to the other, or to monotically presented 
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stimuli (where a lead effect, of a different time course than the 
dichotic lag effect, occurs) (Kirstein, 1971; Porter, 1975; 
Studdert-Kennedy et al., 1970). 
Dichotic Phonetic Effects at Simultaneity 
A number of studies have addressed dichotic phonetic effects 
(e.g., Benson, 1974, 1978; Berlin et al., 1973b; Lowe et al., 
1970; McNeil et al., 1981; Speaks et al., 1981; 
Studdert-Kennedy et al., 1970); that is, the effects on 
performance of the distinctive phonetic features of the 
consonants which are used in dichotic stimulation. 
Studdert-Kennedy et al. (1970) noted that each of the six stop 
consonants /b, p, t, d, k, g/ (which are commonly used as 
dichotic stimuli) can be specified by two articulatory features: 
voicing and place. "Voicing" can be expressed further by two 
values (voiced and voiceless), and "place" by three values 
(labial, alveolar, and velar). These features have been 
contrasted in a variety of ways, revealing a number of patterns. 
Studdert-Kennedy et al. (1970) stated with confidence that 
voicing and place are processed separately, and that voicing 
features are identified more accurately than place features. 
Berlin et al. (1973b) and Speaks et al. (1981) found that when 
place features are contrasted, the velar consonants /g, k/ are 
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correct most often, then the labials /p, b/, and finally the 
alveolars /t, d/. 
When voiced and voiceless features are contrasted in 
dichotic pairs, the voiceless consonants are reported correctly 
more often than the voiced consonants, regardless of the ear to 
which they are presented (Berlin et al., 1973b; Lowe et al., 
1970; Speaks et al., 1981). Based on studies in which they 
manipulated the alignment boundaries of the dichotic consonants, 
Berlin et al. (1973b) suggested that this voiceless 
preponderance occurred as a result of the longer burst duration 
of the voiceless consonants. Ordinarily the dichotic consonants 
are aligned at their initial onsets, since such alignment 
produces the largest REAs (Berlin et al., 1973b). However, when 
the two syllables were aligned at the beginning of their 
large-amplitude vocalic portions, the voiceless preponderance was 
reduced markedly. 
Studdert-Kennedy et al. (1970) noted that response accuracy 
is enhanced when features are shared in a dichotic pair. 
Accuracy may be enhanced further depending on which feature is 
shared. This "feature-sharing advantage" is strongest when place 
is shared, second when voicing is shared, and weakest when 
neither is shared. 
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Speaks et al. (1981) discussed dichotic phonetic effects in 
terms of "stimulus dominance." They addressed the question of 
stimulus dominance (i.e.. Why are voiceless and velar consonants 
dominant?) by critiquing four possible explanations: (1) a 
theory of inherent intelligibility; (2) the "lag effect" 
explanation proposed by Berlin et al. (1973b); (3) Repp's 
(1976) "prototype model"; and (4) their own favored "burst 
amplitude" theory, whereby stimulus dominance occurs as a result 
of burst intensity differences between the members of syllable 
pairs. While Berlin et al. (1973b) found that "neither the 
phoneme pairs nor the voiced-voiceless effects interacted with 
the REA or the lag effect" (p. 701), Speaks et al. (1981) 
concluded that the size and direction of ear advantage for any 
given syllable pair is affected by stimulus dominance. 
Variations with Age 
While 7-15 year olds demonstrated a lag effect similar in 
overall form to that of adults (Mirabile et al., 1978), and REA 
magnitude did not change with age (Berlin et al., 1973a; Obrzut, 
Hynd, Obrzut, & Pirozzolo, 1981), two major age-related changes 
were observed in studies of children: 1) increases in overall 
performance levels with increases in age; and 2) changes in the 
rate of score improvement with longer lags (Berlin et al., 1973a; 
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Mirabile et al., 1978). Berlin et al. (1973a) and Mirabile et 
al. (1978) found that the number of double-correct responses 
(i.e., trials on which the children responded correctly to both 
dichotic stimuli) increased with age. Older children apparently 
processed more of both stimuli than did the younger children, 
suggesting that the capacity of children to process speech 
improves with age (Berlin et al., 1973a; Mirabile et al., 1978). 
In addition, the rate of increase over longer time asynchronies 
observed in the Mirabile et al. (1978) study was thought to 
reflect the duration of a prephonetic decision-processing phase. 
The results suggested that younger children (7-11 year olds vs. 
11-15 year olds) make phonetic decisions more slowly and, 
therefore, are less temporally efficient in their processing 
(Mirabile et al., 1978). By 11 years old, their performance was 
similar to that of adults. The apparent developmental trends 
observed in these studies are not inconsistent with the 
development of other aspects of language occurring at these ages 
(Mirabile et al., 1978). Rather than reflecting semantic and/or 
syntactic development, these data were thought to reflect more 
basic linguistic processes of "acoustic-feature processing and/or 
speech perception strategies" (Mirabile et al., 1978, p. 285). 
Mirabile et al. (1978) further suggested that these changes with 
age may be "due to increases in the number of transmission 
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channels available (transmission redundancy), and/or the 
development of less noisy or, perhaps, more rapid neural 
transmission....[possibly] accompanied by the development of 
perceptual strategies that make better use of the unique type and 
variety of cues available in dealing with the speech code" 
(p. 285). 
Findings among the elderly also differ from those of young 
adults. These include a reduction in overall responsiveness 
(i.e., "total scores"), greatly reduced double-correct scores 
(e.g., 19% correct vs. 35% for young adults), and significant 
aberrations in the lag effect (Borod & Goodglass, 1980; Drachman 
et al., 1980; Gelfand et al., 1980; Kurdziel & Noffsinger, 
1977). Not only was the lag effect absent in Kurdziel and 
Noffsinger's (1977) study, but there was actually a lead effect. 
The results of these studies were obtained from apparently 
healthy elderly subjects ranging in age from 60 to 80 years old, 
and were compared to results obtained from younger control-group 
subjects. Elderly subjects had unremarkable medical histories 
and no serious bilateral hearing loss. In two of the studies 
(Gelfand et al., 1980; Kurdziel & Noffsinger, 1977), subjects 
had normal hearing, as demonstrated by pure-tone thresholds, 
speech-discrimination scores for monosyllabic words, and monotic 
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discrimination of the CV test stimuli. While not all of the 
subjects in the Borod and Goodglass (1980) study had normal 
hearing, controls for this were attempted through compensations 
in presentation levels for those with losses (none of which 
exceeded a speech-reception threshold of 44-dB HL). Gelfand et 
al. (1980) interpreted their results to be consistent with 
time-alteration degradation of speech intelligibility in the 
elderly. Borod and Goodglass (1980) found a decrease with age in 
overall accuracy for both verbal and nonverbal (music) dichotic 
stimuli, thus supporting a uniform deterioration of cerebral 
function with age, while Drachman et al. (1980) provided support 
for the hypothesis of cholinergic neuronal impairment of the 
aging brain. 
Lesion Effects 
While dichotic ear asymmetry has been used as an index to 
lateral dominance in normals, Schulhoff and Goodglass (1969) and 
Niccum et al. (1981) noted that, in brain-injured subjects, "the 
'lesion effect' may interact with and possibly override the 
premorbid ear asymmetry so that dominance can no longer be 
inferred" (Schulhoff & Goodglass, 1969, p. 157). A number of 
differences are evident in the dichotic performance of patients 
with cerebral damage. The following is a discussion of various 
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lesion effects. 
Temporal-Lobe Lesions 
In contrast to performance by those with normal auditory 
function, there is general agreement that patients with 
temporal-lobe lesions score poorly on dichotic tasks for the ear 
contralateral to the side of the lesion, with normal or 
better-than-normal scores for the ear ipsilateral to the side of 
the lesion (Berlin, 1976; Berlin & Lowe, 1972; Cullen et al., 
1974a; Kimura, 1961a, 1961b; Lowe et al., 1970; Lynn & Gilroy, 
1974; Speaks, 1974). Patients with left temporal-lobe damage, 
therefore, experience decreased right-ear performance. For 
example, Cullen et al. (1974a) obtained a mean right-ear score 
of approximately 10% correct for left temporal-lobe patients, in 
contrast to normal 60-80% right-ear scores. In some cases, the 
ipsilateral ear performs at or near 100% (better than normal), 
implying that there is no competition from another channel 
(Berlin & Cullen, 1975; Berlin & McNeil, 1976). This has been 
associated with findings of anterior temporal-lobe or 
temporo/frontal-area damage (Noffsinger, 1981a; Noffsinger & 
Kurdziel, 1979). Reduced performance bilaterally in patients 
with left temporal-lobe lesions has been observed as well, and 
has been attributed to diffuse hemispheric damage or damage to 
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the posterior temporo-parietal area (Lynn & Gilroy, 1974; 
Noffsinger & Kurdziel, 1979; Sparks, Goodglass, & Nickel, 1970). 
Patients with right temporal-lobe lesions experience markedly 
reduced left-ear performance, with normal or better right-ear 
performance (Cullen et al., 1974a; Noffsinger, 1981a). Specific 
anterior/posterior site-of-lesion in the right temporal lobe does 
not appear to affect performance differentially (Noffsinger & 
Kurdziel, 1979). 
Also notable in temporal-lobe patients is the absence of the 
lag effect and the lack of performance improvement with longer 
time asynchronies (Bellaire & Noffsinger, 1978; Berlin, 1976; 
Berlin et al., 1973b; Berlin & McNeil, 1976). For example, 
Bellaire and Noffsinger (1978) observed double-correct scores in 
normals of 32-37% at 0-ms asynchrony, and 62-69% at 90-ms 
asynchrony. In contrast, patients with cortical lesions scored 
approximately 20% regardless of the time asynchrony. An 
interesting, but unexplained, observation made by Berlin and his 
associates was poor performance throughout the time-staggered 
range for the weak ear, except for a "paradoxical reversal" at 
180 ms, where the weak ear surpassed the strong ear (Berlin, 
1976, p. 840). Apparently this observation has not been made in 
patients with corpus-callosum lesions or in hemispherectomees 
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(Berlin, 1976). 
Interhemispheric Lesions 
Left-ear suppression and normal or better right-ear 
performance have been associated with lesions of the corpus 
callosum, anterior commissure, and deep left parietal lobe 
(Berlin & Cullen, 1975; Berlin & Lowe, 1972; Berlin & McNeil, 
1976; Berlin et al., 1973b; Damasio et al., 1976; Lynn & 
Gilroy, 1974; Musiek & Wilson, 1979; Noffsinger & Kurdziel, 
1979). Cullen et al. (1974a) and Berlin et al. (1974) reported 
near-perfect right-ear scores, and left-ear scores at chance 
levels, implying limited or no interference from the left ear in 
dichotic listening. Total hemispherectomees scored similarly, 
with perfect or near-perfect ipsilateral scores, and chance-level 
contralateral scores (Berlin et al., 1974; Cullen et al., 
1974a). As with temporal-lobe lesion and temporal-lobectomy 
patients, no lag effect was observed in hemispherectomees (Berlin 
et al., 1974). Monaural performance for these patients remains 
normal (Cullen et al., 1974a; Lynn & Gilroy, 1974). 
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Cortical-Lesion Model 
These cerebral-level dichotic "lesion effects" have been 
accounted for by a model described by Sparks and Geschwind 
(1968), which was later refined by Sparks, Goodglass, and Nickel 
(1970). Under dichotic conditions, ipsilateral input to each 
hemisphere is suppressed by contralateral input; therefore, 
major input is from the contralateral ear. A stimulus arrives 
first in the primary auditory area (anterior temporal lobe), then 
is processed in the adjacent auditory association area (posterior 
temporal lobe), with final processing of speech in the left 
posterior temporal lobe. The corpus callosum links the 
association areas of the two hemispheres, such that information 
to the right hemisphere can cross to the left for final 
processing. There is thus competition for left-hemisphere speech 
processing from signals arriving from the right ear (which take 
the contralateral pathway directly to the left hemisphere) and 
the left ear (which take the contralateral pathway to the right 
hemisphere, cross the corpus callosum, then reach the left 
posterior temporal lobe). 
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If a lesion is present in the right temporal lobe, one would 
expect poor left-ear scores since the left-ear input travels 
first to the right hemisphere. Likewise, right-ear scores would 
be poor for left temporal-lobe lesions. Furthermore, both ears' 
scores should be reduced in cases of left posterior temporal-lobe 
damage since that is viewed to be the site for final processing 
of input to both ears. Since left-ear input ultimately must 
cross the corpus callosum from the right hemisphere to the left, 
reduced left-ear scores would be anticipated in the presence of 
callosal lesions. 
Other Lesions and Disorders 
While little evidence has been found of aberrant dichotic 
performance in patients with brainstem lesions, near-complete 
left-ear suppression (less than 10% correct) was reported for a 
female patient with an upper-brainstem, thalamic-level lesion, 
which appeared to be confined to the medial geniculate body 
(Berlin & Cullen, 1975). In addition, reduced overall 
performance has been demonstrated by patients with demyelinating 
disease, such as multiple sclerosis (Dermody & Noffsinger, 1976; 
Noffsinger & Kurdziel, 1979); however, this performance can be 
clearly differentiated from that of the more pronounced effects 
usually associated with cortical damage (Noffsinger & Kurdziel, 
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1979). Noffsinger (1981a) suggested that aberrant dichotic 
scores in patients with multiple sclerosis may actually reflect 
callosal damage since the corpus callosum is one of the tissue 
bundles which may be affected by multiple sclerosis. In 
addition, diffuse damage at the cortical level may cause pressure 
on the brainstem, thereby yielding aberrant dichotic scores as 
well as aberrant performance on tests which are sensitive to 
brainstem function (Noffsinger, 1981a). 
At the present time, information regarding the effects of 
peripheral lesions of the middle ear, cochlea, and eighth nerve 
on tests of central auditory function is lacking (Lynn & Gilroy, 
1974; Speaks, 1974). Unfortunately, since the effects of 
peripheral hearing loss cannot be "subtracted out" from central 
auditory test scores (Lynn & Gilroy, 1974), dichotic scores must 
be interpreted with caution, and may be of limited value for some 
cases, in the presence of peripheral problems. 
Aberrant patterns on dichotic speech tasks have been 
associated with a variety of language and learning disorders. 
For example, reduced REAs, the presence of LEAs, or no ear 
preferences have been associated with speech and language 
difficulties and learning disabilities in children (Obrzut et 
al., 1981; Tobey, Cullen, Rampp, & Fleischer-Gallagher, 1979). 
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Bryden (1970) related cross-dominance to boys with reading 
disorders. Depressed double-correct scores have been obtained 
from children with so-called "auditory processing disorders," 
"learning disabilities," and "dyslexia" (Berlin, 1976; Dermody & 
Noffsinger, 1976; Hynd et al., 1979; Tobey et al., 1979). 
However, the results of such studies should be viewed with 
extreme caution since these disorders have not been clearly 
defined. Rees (1981) noted that "the wealth of statements and 
studies about assessment of central auditory function in children 
with language disorders and learning disabilities fails to 
provide an acceptable explanatory model and suffers from internal 
inconsistencies with respect to experimental findings and logical 
arguments" (p. 118). 
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APPENDIX B 
SAMPLE SUBJECT-CONSENT FORM 
I, the undersigned, consent to participate as a volunteer 
listener for research purposes (Master's thesis). I understand 
that my name and any identifying information will be held 
confidential and will not be used in data specification. I also 
understand that there are no physical, psychological, or social 
risks or discomfort involved in participating in the research. 
All test procedures have been explained to me and I understand 
how I am to be involved in them. I also understand that I am 
under no obligation to participate in the study and that I may 
withdraw at any time. 
In the event physical injury results from biomedical or 
behavioral research the human subject should individually seek 
appropriate medical treatment and shall be entitled to 
reimbursement or compensation consistent with the self insurance 
program for Comprehensive General Liability established by the 
Department of Administration under authority of Title 82, Chapter 
43, RCM 1947 or by satisfaction of the claim or judgment by the 
means provided by RCM 1947 Section 82-4325. In the event of a 
claim for such physical injury further information may be 
obtained from the University Legal Counsel. 
(Subject's signature) 
(Date) 
[Note: Paragraph two is included as required by the University 
of Montana for studies involving human subjects.] 
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APPENDIX C 
PRELIMINARY TESTING: DESCRIPTION AND RATIONALE 
The use of a test battery in identifying lesions and their 
sites within the auditory system has been encouraged by most 
authors (e.g., Carhart, 1973; Clemis & Mastricola, 1976; 
Jerger, Neeley, & Jerger, 1980; Konkle & Rintelmann, 1979; 
Noffsinger & Kurdziel, 1979; Noffsinger, Kurdziel, & Applebaum, 
1975; Tillman, 1969). Jerger et al. (1980) pointed out that, 
while individual test results may be ambiguous, a test battery 
can be fairly precise in site-of-lesion prediction. Konkle and 
Rintelmann (1979) noted the benefits of using a test battery: 
"1) avoidance of overgeneralizing the results from a single 
procedure, 2) a relatively large data base for making 
predictions, and 3) greater predictive confidence as the number 
of test results consistent with a specific lesion increases" 
(p. 531). 
While lesions near the nuclei along the auditory pathway may 
produce detectable hearing loss, those of the central and upper 
brainstem usually do not (Berlin, 1976; Noffsinger et al., 
1975). In addition, peripheral auditory pathology may confound 
results obtained by tests which are sensitive to higher levels of 
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auditory function (Gelfand et al., 1980; Hurley, 1980; 
Noffsinger & Kurdziel, 1979). Therefore, normative studies 
involving test procedures for CANS evaluations should ensure 
normalcy of the experimental population at all levels of auditory 
function. Because of the variety of tests and procedures that 
are available, it is necessary to choose a battery of those tests 
and procedures which will best accomplish the goals of the 
particular study, while reflecting state-of-the-art information. 
The battery described herein attempts to satisfy these general 
criteria. 
Monaural CV Screening 
A monaural screening of the CV dichotic test stimuli was 
administered to ascertain that any dichotic differences would not 
be due to factors at peripheral levels, and to familiarize the 
subjects with their sound. If useful dichotic data are to be 
obtained, the stimuli must be intelligible monaurally (Repp, 
1977). Perfect or near-perfect discrimination of the syllables 
is expected when they are presented monaurally (Berlin & Lowe, 
1972; Gelfand et al., 1980; Lowe et al., 1970; Repp, 1977; 
Ryan & McNeil, 1975). Two 30-item randomized lists (one for each 
ear) were used in this screening, and subjects were expected to 
identify correctly at least 25 out of the 30 items for each ear. 
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Consistent with the dichotic test materials, the monaural CVs 
were presented at a peak-equivalent level of 75-dB SPL under 
earphones. 
Pure-tone Thresholds 
Pure-tone thresholds were obtained as a measure of hearing 
sensitivity and to assist in ruling out conductive or cochlear 
pathology. Pulsed-tone Bfekfesy audiometry was used to provide 
automatic tracings (1 oct/min) of pure-tone air-conduction 
thresholds throughout the 250-8000 Hz frequency range. Because 
it tracks all frequencies within this range, interoctave 
threshold aberrations could be ruled out. Subjects were 
instructed to respond to the softest sounds they heard, even if 
they weren't sure they heard something, and to depress the 
stimulus-activating button for as long as they heard the tones. 
Threshold measurements were taken from the midpoints of the 
tracings. Bone-conduction thresholds were obtained using a 
modified Hughson-West lake manual procedure, with mastoid 
placement of the bone-conduction vibrator. 
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Stringent criteria were set to ensure normal hearing 
sensitivity: 1) thresholds no poorer than 20-dB HL at 250-8000 
Hz for air conduction and 250-4000 Hz for bone conduction; 2) no 
greater than 10-dB difference between the two ears; and 3) 
air-conduction thresholds no more than 10-dB poorer than 
bone-conduction thresholds. 
Spondee Thresholds (ST) 
Traditional measures of speech-reception thresholds for 
spondees were obtained using constant-level tape-recordings of 
CID W-1 word lists and basic procedures described by Tillman and 
Olsen (1973). Harris (1981) demonstrated that this procedure is 
one of the most efficient and effective when compared to other 
available methods. In this descending method, starting at 
30-40 dB HL, intensity was attenuated by the examiner in 10-dB 
steps until an incorrect response occurred. The starting level 
of the threshold search was 10 dB above the level of error in the 
initial descent. Intensity was then attenuated in 2-dB steps, 
and the subject was asked to repeat two spondees per step. The 
procedure terminated when 5 out of 6 consecutive words were 
missed. Threshold was determined by subtracting the number of 
correct responses from the starting level and adding 1 dB. 
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Subjects were familiarized with the spondees prior to onset 
of the testing, via an alphabetical listing, in accordance with 
recommended procedures for yielding the best possible results 
(Olsen & Matkin, 1979; Rupp, 1980). Subjects were instructed to 
repeat each word presented, even if it was very soft. If they 
were unsure, they were to guess. Since, in addition to providing 
an indication of hearing sensitivity, an important function of 
the ST is to validate pure-tone findings, an ST within +10 dB of 
the 3-frequency pure-tone average (500, 1000, 2000 Hz) was 
required (Harris, 1981; Hopkinson, 1978; Konkle & Rintelmann, 
1979; Olsen & Matkin, 1979). 
Speech Discrimination in Quiet 
Speech-discrimination testing for monosyllabic, phonemically 
balanced words was administered using recorded Northwestern 
University Auditory Test No. 6 (NU #6) 50-word lists (Tillman & 
Carhart, 1966). In addition to phonemic balancing, intertest and 
test-retest reliability of these lists has been demonstrated 
(Garstecki, 1980; Goetzinger, 1978; Tillman & Carhart, 1966). 
Presentation level was 40-dB SL (re: ST), corresponding to a 
comfortable listening level for most normal-hearing persons 
(Olsen & Matkin, 1979). Subjects were instructed to repeat all 
words presented and to guess if they were unsure. Since normal 
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listeners are expected to score 92-100% on standard measures of 
monosyllabic speech discrimination (Stockdell, 1980), and since 
there is no significant difference (at the 0.01 level of 
confidence) between scores in the 92-100% range (Raffin & 
Thornton, 1980), this criterion level was used. In addition to 
indications of cochlear integrity, extremely poor discrimination 
scores (e.g., less than 30%) have been found in some patients 
with extra-axial pathology (Clemis & Mastricola, 1976; Jerger & 
Jerger, 1975; Tillman, 1969). 
Speech Discrimination in Noise 
Speech-in-noise testing consisted of simultaneous, monotic 
presentation of monosyllables (NU #6 50-word lists) and white 
noise, with a signal-to-noise ratio (S/N) equal to 0 dB; i.e., 
the noise was equal in intensity to that of the words (40-dB SL 
re: ST). Scores were obtained for each ear under these 
conditions. Subjects were instructed to repeat the words, but to 
ignore the noise, and to guess if they were unsure. The 
criterion level of at least 60% correct was based on research 
demonstrating that normals score in the 60-80%-correct range, 
using stimulus parameters consistent with those in the present 
study (Noffsinger & Kurdziel, 1979; Noffsinger et al., 1972; 
Noffsinger et al., 1975; Olsen, Noffsinger, & Kurdziel, 1975). 
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Speech-in-noise tasks appear to enhance the sensitivity of 
discrimination tests in detecting and demonstrating communication 
difficulties of hearing-impaired persons (Olsen & Matkin, 1979). 
This task is often difficult for persons with cochlear, 
eighth-nerve, or peripheral (extra-axial) brainstem disorders, 
even when discrimination in quiet is excellent (Jerger, 1981; 
Noffsinger, 1981a; Noffsinger et al., 1972; White, 1980). 
Noffsinger and Kurdziel1s (1979) review of the literature 
indicated the possibility of reduced speech-in-noise scores for 
the following: 1) the ear ipsilateral to eighth-nerve and 
peripheral brainstem lesions; 2) one or both ears of patients 
with more central brainstem lesions; and 3) the contralateral 
ear of some patients with temporal-lobe lesions. Therefore, 
abnormal performance could be mediated by lesions at any level, 
from cochlear to cortical (Noffsinger & Kurdziel, 1979; Olsen et 
al., 1975). 
Speech Discrimination with Contralateral Competing Messages 
A competing-message test using Northwestern University 
Auditory Test No. 20 (NU #20, 50-word lists), as described by 
Noffsinger et al. (1972), was administered at a 
signal-to-competition ratio (S/C) of -10 dB. In this test, NU #6 
monosyllables (primary messages) were presented to one ear at 
Page 118 
50-dB SL (re: ST), while competing messages were presented to 
the other ear at 60-dB SL (re: ST). Stimulus parameters were, 
thus, consistent with those used routinely (Burke & Noffsinger, 
1976; Noffsinger et al., 1972). Subjects were instructed to 
repeat only the single-syllable words, and to ignore the 
sentences presented to their other ear. They were to guess if 
they were unsure. 
Competing-message tests, such as the NU #20, have been 
referred to as roughly (or crudely) controlled dichotic speech 
tasks because interaural matching of signal durations, onset 
times, or offset times are not controlled carefully; 
presentation levels and interaural intensity ratios are the 
primary stimulus parameters controlled (Noffsinger & Kurdziel, 
1979). While the right-ear advantage is not seen in these tests 
(as it is with the carefully controlled dichotic CV tests), they 
appear to have value in identifying diffuse temporal-lobe lesions 
(Noffsinger & Kurdziel, 1979; Noffsinger et al., 1972), as 
reflected in reduced performance scores for the ear contralateral 
to the side of the lesion. Normals experience minimal breakdown 
in performance at a S/C of -10 dB (Burke & Noffsinger, 1976), and 
generally do as well on this task as they do in 
speech-discrimination tasks under quiet conditions (i.e., 
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90-100%). 
Auditory Adaptation of Loudness (Tone Decay) 
Assessment for auditory adaptation of loudness (tone decay) 
was undertaken using procedures described by Olsen and Noffsinger 
(1974). A continuous tone was presented at 20-dB SL (re: 
pure-tone thresholds) for 60 seconds. The subjects were 
instructed to raise their hand when they heard the tone, and to 
keep it raised for as long as they heard it. Failure to retain 
the percept of the tone for 60 seconds constituted auditory 
adaptation greater than 20 dB, such that the subject was to be 
excluded from the study. Olsen and Noffsinger's (1974) method 
was used due to its effectiveness in lesion identification, time 
efficiency in screening out normal amounts of adaptation, and 
ease of the task for subjects by virtue of a more readily audible 
tone than with other methods (Olsen & Noffsinger, 1974). 
The research to date appears to support administration of 
tone-decay testing at more than one frequency to enhance its 
sensitivity (Morales-Garcia & Hood, 1972; Olsen & Noffsinger, 
1974; Owens, 1964). Owens (1964) found 500, 1000, and 2000 Hz 
to be the most reliable frequencies; however, Wiley and Lilly 
(1980) found decay at 2000 Hz which was not present at 500 and 
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1000 Hz. Likewise, Morales-Garcia and Hood (1972) found 2000 Hz 
slightly more sensitive than others they used (500, 1000, and 
4000 Hz). Therefore, testing in the present study was performed 
at 500 and 2000 Hz. 
Testing for auditory adaptation of loudness has been 
effective in identifying patients with lesions of the eighth 
nerve and the brainstem (Clemis & Mastricola, 1976; Clemis et 
al., 1977; Konkle & Orchik, 1979; Noffsinger, 1981a; 
Noffsinger & Kurdziel, 1979; Noffsinger et al., 1972; Olsen & 
Noffsinger, 1974; Tillman, 1969), but does not appear to be 
mediated by cortical-level lesions (Noffsinger & Kurdziel, 1979). 
While moderate amounts of adaptation (up to 30 dB) may be 
attributed to cochlear pathology, especially at higher 
frequencies, adaptation greater than 30 dB is common in 
retrocochlear pathology (Noffsinger, 1981a; Noffsinger et al., 
1972; Olsen & Noffsinger, 1974; Tillman, 1969). Unilateral 
adaptation has been associated with peripheral brainstem and 
eighth-nerve lesions, while bilateral adaptation has been 
associated with central brainstem and diffuse CANS lesions 
(Noffsinger & Kurdziel, 1979). Clemis and Mastricola (1976) and 
Clemis et al. (1977) found tone-decay testing to be the best 
single indicator of acoustic tumors. In the former study, 77% of 
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121 patients with tumors were identified. Similarly, Tillman 
(1969) identified 89% (16/18) and Olsen and Noffsinger (1974) 
identified 95% (19/20). 
Simultaneous Binaural Median Plane Localization (SBMPL) 
The simultaneous binaural median plane localization (SBMPL) 
procedure was administered by presenting tones to the ears 
simultaneously at varying intensity levels. While one ear was 
fixed regarding intensity (at 80- or 90-dB HL), the intensity to 
the other ear varied until the subject achieved a fused image in 
the midline. Bracketing was used to determine the specific 
levels for the two ears at which the fused image was achieved. 
Presentation at 500 Hz was used in the present study, as it has 
been found to be more sensitive than higher frequencies 
(Noffsinger, 1981a; Noffsinger et al., 1975). Subjects were 
instructed to listen carefully to the tones and to report whether 
they heard them more in the right ear, the left ear, or in the 
center of their head. 
Inability to perceive the midline image upon presentation of 
high-intensity tones of equal intensity, or to do so only with 
significant interaural attenuation (greater than 10 dB), has been 
associated with peripheral or general brainstem lesions 
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(Noffsinger, 1981a; Noffsinger & Kurdziel, 1979; Noffsinger et 
al., 1972; Noffsinger et al., 1975). SBMPL does not appear to 
be sensitive to cortical lesions (Noffsinger & Kurdziel, 1979). 
Masking Level Difference (MLD) 
Masking level difference (MLD) was determined by obtaining 
the binaural thresholds for a 500-Hz tone in the presence of 
80-dB SPL of narrow-band noise (centered at 500 Hz) for two 
conditions: homophasic and antiphasic. During homophasic 
presentation (SoNo), both the signals and the noise were 
interaurally in-phase. During antiphasic presentation (SpiNo), 
the pure-tones were 180 degrees out-of-phase, while the noise 
remained in-phase. B&k£sy audiometry was used to track the 
fixed-frequency thresholds. Subjects were instructed to respond 
to the softest tones they heard, even if they were unsure they 
heard them, and to ignore the noise. 
Thresholds of normal listeners improve approximately 7-15 dB 
from the SoNo to the SpiNo conditions. Quaranta and Cervellera 
(1977) reported an improvement of at least 7 dB (mean improvement 
= 8.2 dB + 1); Olsen and Noffsinger (1976) found improvements of 
at least 8 dB (mean = 11.7 dB); Noffsinger et al. (1975) 
obtained improvements of approximately 11 dB; Berlin (1976) 
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reported 11-15 dB improvements; and Noffsinger and Kurdziel 
(1979) and Lynn (1982) indicated 10-12 dB as normal improvement. 
Lutfi and Yost (1981) reported that the largest MLDs usually 
amount to 12-16 dB from SoNo to SpiNo, while Noffsinger (1981a) 
recently reported typical MLDs of 15-17 dB. 
Reduced pure-tone MLDs at 500 Hz are generally associated 
with eighth-nerve, central (intra-axial) brainstem, and 
midbrain-level lesions below the level of the thalamus (Berlin & 
Lowe, 1972; Hurley, 1980; Noffsinger & Kurdziel, 1979; Olsen & 
Noffsinger, 1976; Olsen, Noffsinger, & Carhart, 1976; Quaranta 
& Cervellera, 1974). Recent research, involving patients with 
various brainstem and cortical lesion-sites, suggested abnormal 
MLDs specifically for patients with lesions in the caudal-pontine 
area (Lynn, 1982). MLDs do not appear to be affected by cortical 
lesions (Lynn, 1982; Olsen et al., 1976). The MLD phenomenon 
appears to be the result of a neural cancellation of the 
out-of-phase differences in a "binaural release from masking" 
(Berlin, 1976; Olsen & Noffsinger, 1976). 
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Acoustic Immittance 
Acoustic-immittance measures are an important part of the 
audiological test battery, not only in detecting abnormal 
middle-ear conditions, but also in providing differential 
information regarding cochlear, eighth-nerve, and brainstem 
function (Berlin, 1976; Carhart, 1973; Jerger, 1981; Konkle & 
Rintelmann, 1979; McCandless, 1979; Noffsinger & Kurdziel, 
1979; Wiley & Block, 1979). 
Tympanometry was performed as a test of middle-ear function. 
After a probe (which was attached to a headset) was placed in the 
external canal, pressure was increased to +196 daPa, then slowly 
reduced through 0 daPa to -294 daPa. The peak-pressure point was 
recorded and was judged normal if within +_ 49 daPa (re: ambient 
pressure), consistent with tolerance levels cited frequently in 
the literature (e.g., ASHA, 1979; McCandless, 1979). To enhance 
time-efficiency, observations, rather than plots, of amplitude 
and shape were made. McCandless (1979) reported that such 
visualization of tympanometric results can be accomplished 
accurately by observing the instrumentation throughout the 
pressure changes. 
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Acoustic-reflex thresholds were obtained contralaterally at 
500 and 1000 Hz using a probe-tone carrier frequency of 220 Hz. 
Consistent with reports in the literature (Block & Wiley, 1979; 
McCandless, 1979; Wilson, 1979), acoustic reflexes were 
identified at the lowest intensity level that produced a 
time-locked response to the acoustic stimulus, with maintenance 
at subsequent levels of stimulation. All reflex measurements 
were obtained at the subject's tympanometric peak-pressure point. 
Habener and Snyder (1974) and McCandless (1979) reported 
that acoustic reflexes are elicited in normals at approximately 
85-dB SL (re: pure-tone thresholds). However, the reflex is 
variable among subjects (Block & Wiley, 1979), and has been 
reported to occur at 60-dB SL to 100-dB HL (Konkle & Rintelmann, 
1979), 70-90 dB HL (Noffsinger et al., 1975), 70-100 dB HL 
(Hemeyer, 1980; Jerger, 1981), and 75-100 dB SL (McCandless, 
1979). The criteria used in the present study (70-100 dB HL 
contralaterally and 70-105 dB SPL ipsilaterally) reflected these 
data. 
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Acoustic-reflex thresholds may be elevated or absent when 
there is conductive pathology, and reduced, elevated, or absent 
with sensorineural hearing loss (McCandless, 1979). In the 
presence of normal hearing, elevated or absent contralateral 
acoustic reflexes have been associated with central (intra-axial) 
brainstem lesions, and ipsilateral reflexes with peripheral 
(extra-axial) brainstem lesions (Berlin, 1976; McCandless, 1979; 
Noffsinger, 1981a; Noffsinger & Kurdziel, 1979). 
Acoustic-reflex-decay testing was administered for 30 
seconds at 500 Hz contralaterally at a presentation level of the 
acoustic-reflex threshold (ART) plus 10 dB. Test frequencies of 
500 and 1000 Hz are generally recommended for 
acoustic-reflex-decay testing due to their sensitivity to 
lesions, and to frequent decay in normals at higher frequencies 
(Givens & Seidemann, 1979; Habener & Snyder, 1974). Consistent 
with the literature (e.g., Clemis et al., 1977; Givens & 
Seidemann, 1979; Habener & Snyder, 1974; Hirsch & Anderson, 
1980; Noffsinger et al., 1975), adaptation less than 50% was 
judged normal for the present study. Acoustic-reflex decay of at 
least 50% has been observed in patients with eighth-nerve or 
cerebellopontine-angle tumors, as well as in some 
multiple-sclerosis patients (Clemis et al., 1977; Givens & 
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Seidemann, 1979; Hirsch & Anderson, 1980; McCandless, 1979; 
Noffsinger & Kurdziel, 1979; Noffsinger et al., 1975). 
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APPENDIX D 
PRELIMINARY TEST RESULTS: RAW DATA 
The preliminary test results for the 30 subjects are 
contained in Table D1. Preliminary test results for the 13 
excluded potential subjects are contained in Table D2. Three 
consecutive records (lines) are used for each subject. The 
columns are arranged as follows: 
Record 1, Columns 1- 2: Two-character subject identification 
(01 through 30 for the subjects, and 
AA through MM for excluded potential 
subjects). 
1, 3-4: Age (in years). 
1, 5: Sex (1 = female, 2 = male). 
1, 6: Handedness (1 = right handed, 2 = left 
handed). 
1, 7: Education, where: 
1 = High school or less 
2 = High school plus at least one 
year of college 
3 = Vocational/technical degree 
4 = Bachelor's degree 
5 = Bachelor's degree plus at least 
one year of graduate study 
6 = Master's degree 
7 = Doctoral degree. 
1, 8-9: Dichotic order, 01 through 10 (see 
Appendix F). 
1> 11-34: Right-ear, air-conduction thresholds 
(three digits each for the frequencies 
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250, 500, 1000, 2000, 3000, 4000, 
6000, and 8000 Hz, respectively). 
1, 36-39: Right-ear, three-frequency pure-tone 
average. 
1, 41-58: Right-ear, bone-conduction thresholds 
(three digits each for the frequencies 
250, 500, 1000, 2000, 3000, and 4000 
Hz, respectively). 
2, 1-24: Left-ear, air-conduction thresholds 
(three digits each for the frequencies 
250, 500, 1000, 2000, 3000, 4000, 
6000, and 8000 Hz, respectively). 
2, 26-29: Left-ear, three-frequency pure-tone 
average. 
2, 31-48: Left-ear, bone-conduction thresholds 
(three digits each for the frequencies 
250, 500, 1000, 2000, 3000, and 4000 
Hz, respectively). 
2, 51-54: Right- and left-ear monaural CV 
scores, respectively (number correct 
out of 30). 
2, 55-58: Right- and left-ear spondee 
thresholds, respectively. 
3, 1-6: Right- and left-ear 
speech-discrimination percentage 
scores, three digits each. 
3, 7-12: Right- and left-ear speech-in-noise 
percentage scores, three digits each. 
3, 13-18: Right- and left-ear competing-messages 
percentage scores, three digits each. 
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3, 19-22: One-digit code for tone decay (500 Hz, 
A.D.; 500 Hz, A.S.; 2000 Hz, A.D.; 
and 2000 Hz, A.S., respectively), 
where 1 = normal results (<20 dB) and 
2 = abnormal results (>20 dB). 
3, 23-24: SBMPL interaural difference (in dB). 
3, 25-26: MLD (in dB). 
3, 27-36: Right- and left-ear tympanometric 
peak-pressure points (in daPa), five 
digits each. 
3, 37-40: Right- and left-ear tympanometric 
shape, and right- and left-ear 
tympanometric amplitude, where 1 = 
normal appearance and 2 = 
abnormal/unusual appearance. 
3, 41-46: Right- and left-ear ipsilateral 
acoustic reflexes (1000 Hz), three 
digits each. 
3, 47-52: Right- and left-ear 500-Hz 
contralateral acoustic reflexes, three 
digits each. 
3, 53-58: Right- and left-ear 1000-Hz 
contralateral acoustic reflexes, three 
digits each. 
Acoustic-reflex-decay results may be assumed to be less than 
50% for all subjects, and also for all excluded potential 
subjects who underwent such testing. Consecutive strings of the 
digit "9" (two or more) indicate that results for the particular 
test were not or could not be obtained. 
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TABLE D1 
PRELIMINARY TEST RAW-DATA FOR THE 30 SUBJECTS 
Columns 
0000000001111111111222222222233333333334444444444555555555 
1234567890123456789012345678901234567890123456789012345678 
Data 
012411601 -10000000020010005005020 06.7 -150-5005020015010 
0-50000050200000-50-5010 08.3 999999999999999999 30300809 
10010007607610009411110513000.0009.81111090090080085085090 
022311503 -10-100-60-9-10-10-15-10 -8.3 005-100000100-50-5 
0-8-100-90-5-100-7-150-8 -8.0 999999999999999999 25250002 
0981000740640 9809611110013009.8000001111095095090085095090 
031911204 0-20-20-50-5-100-2-100-5 -4.0 000005010005005005 
0-30-70-50030-80-5-10-10 -3.0 999999999999999999 30300102 
10009807206810010011110508-9.80000001111095095090095090095 
042411608 0-70-80000-70-20020-30-2 -5.0 0000-50000-5020000 
0-70-70-70-5000003005001 -6.3 999999999999999999 2930-1-2 
09810007606009809811111008009.8009.81111090090095095090090 
052112210 0-30000-10010020030-2005 0000 010010000000005010 
0-50000-20020-2003002001 0000 999999999999999999 29300303 
10010006606009809811111010000.0000.01111085075080075090080 
062511507 0-50-70-50-70-70030020-3 -6.3 0-5-100-5-15005005 
0-50-20-30000-5000005002 -1.7 0050000-5-10015000 3030-1-1 
09810006807610009411110513000.0000.01111095090080085090090 
072212305 0-70-50-50-80-90-50-50-5 -6.0 0-5000000000015000 
0000-70-50-70-90-5-12-13 -6.3 999999999999999999 30300303 
10010006607209609611111009000.0-49.01111095095095100095090 
082311509 000003000-130-50-5-15-10 -3.3 0000050000-5000010 
0070050-20-8-120-8-120-7 -1.7 999999999999999999 30300202 
10010007406810010011110010000.0000.01111095090085090090095 
092611402 0000020-5000004005007010 -1.0 000005000000005000 
0000000-3003008013007008 00.0 999999999999999010 3030-3-2 
09609408807610009611110012000.0009.81111085085075075080075 
102811406 0-20-50-30-1005010002000 -3.0 000-100-5005015010 
0-5-100000-30-5005002003 -4.3 999999999999999999 303005-2 
09609608608410010011110513000.0000.01111090085085075090085 
112911410 -100-50-6-120-6000005005 -7.7 0-50000-50000000-5 
0-50-5-10-100-3005005005 -8.3 999999999999999999 3030-300 
09809807007610009811111012000.0000.01111090090080080085090 
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123211404 0000-50-40-30-70-20-50-5 -4.0 000000000005005005 
0020-20-50-50-70-2-15000 -4.0 999999999999999999 28280406 
10010008607610010011111013000.0000.01111085085085080090085 
134011702 008000003002010000007010 01.7 010010005015015005 
002005007006007010005005 06.0 999999999999999999 30290510 
10010007607610009611110514000.0000.01111075085070075075080 
142411603 0050-80-5006005012010015 -2.3 999999999999999999 
0050000-3002000010003007 -0.3 000-100-5000010010 30300102 
10009808207809610011111014-29.4000.01111085075075075075080 
152211408 0-20000020-7005000008003 -1.7 000005005010015010 
0000000000020080030-2005 00.7 999999999999999999 3030-100 
09209607007009209211111010-39.2-39.21111085085085080085085 
163422201 0100-20-20-20-60-70-70-3 -2.0 0050000000-5005000 
0030-60-70-2-100-50-2000 -5.0 999999999999999999 29300404 
10010006808010009811110015000.0000.01111095095090090090100 
172121209 0020-20-60-40-50-5002000 -4.0 005010-10000015015 
0-50-8-100-70-3000002000 -8.3 999999999999999999 29300100 
09810008809210009611110015-39.2000.01111095095090090095090 
183421206 0050-50000000-2005002015 -1.7 0050000-5000010005 
0030000030-3008015000015 00.0 999999999999999999 3030-102 
10010007807210009211110512000.0-9.801111095095095100090090 
192521207 0000000-20-50-50-3-120-7 -2.3 0000000-5000000005 
0-40-20-20-30-5000-16-10 -2.3 999999999999999999 29300104 
09610008006809809611110014-9.80-9.801111090095100090095095 
202221205 0030000-70-20-70020000-5 -3.0 999999999999999999 
0060020-20-30-20-7-100-5 -1.0 0000-5-100-5000005 303000-1 
10009809609009809811111015000.0009.81111090090090090095095 
213021208 0020000000000-50000000-5 00.0 005000000000000010 
0-20-30-20-50-3000010005 -3.3 999999999999999999 27300602 
10010008209210009811110510000.0009.81111090095100095090090 
222222201 0030-20-3-12003005000000 -5.7 0000000050-5005015 
0000-30-20-40000100-2000 -3.0 999999999999999999 30300207 
10010009608409809611110014000.0000.01111090090090090090085 
232121205 0050030-50-50000050-3000 -2.3 015005005000010015 
0-20-50-5005007005000005 -1.7 999999999999999999 29300604 
10010008007210010011110010000.0000.01111090095100095090090 
243121506 0000-20-50-2005005005005 -3.0 999999999999999999 
0-50-30000-30050030-3007 -2.0 000000010010010020 25250107 
10009608808209809611110015000.0000.01111090080080090080090 
253321207 0000100020-5010020005010 02.3 010010005015010020 
000005000005000010005005 03.3 999999999999999999 30300303 
10010009009009810011110010-49.0000.01111090090090090090090 
262421309 010008010008005010000015 08.7 999999999999999999 
010009009010015008000017 09.3 015010010010010020 30300407 
09810007807609809811110515-9.80-19.61111090095090090095090 
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272422404 0070000-50-50-5000000000 -5.0 999999999999999999 
0100050-5005005010-10-10 03.3 015010000010005015 30300408 
10009808408609809411110012000.0000.01111090090095090090095 
282521610 0000000000000-20100-2-10 00.0 010000010005005020 
0000030050-50000050000-5 01.0 999999999999999999 30300101 
09610008207409610011110015009.8049.01111090090080090090090 
292421403 0-50-50000000-50000000-2 -1.7 000005005000000015 
0000000-70-5005005000005 -4.0 999999999999999999 30300003 
10010008608010009811110010-19.6-49.01111095105095100095095 
303421602 0-50-50000000-50-2000010 -1.7 -10000005005000010 
0-80-50050000020-3005003 00.0 999999999999999999 30300507 
10009808408210009811110010-9.80-9.801111085090085090090090 
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TABLE D2 
PRELIMINARY TEST RAW-DATA FOR THE 13 EXCLUDED POTENTIAL SUBJECTS 
Columns 
0000000001111111111222222222233333333334444444444555555555 
1234567890123456789012345678901234567890123456789012345678 
Data 
AA2211199 0-50000050-50-50-5-100-5 00.0 000005005015010000 
0-5000000005-10000005005 01.7 999999999999999999 30300606 
10010007006409809611111012000.0000.01111095095105105100100 
BB2611499 0-50000000030-50-50-8015 01.0 0000000000-5000000 
0-70-20030-30-30-30-5015 -0.7 999999999999999999 29300302 
10009806006609609611111008-19.6-49.02222110105105100110100 
CC2611599 999999999999999999999999 9999 999999999999999999 
999999999999999999999999 9999 999999999999999999 99999999 
99999999999999999999999999000.0-19.62222999999999999999999 
DD2411699 999999999999999999999999 9999 999999999999999999 
999999999999999999999999 9999 999999999999999999 99999999 
9999999999999999999999999999999_128.ini999999999999999999 
EE2012299 0-50-50-50-50080050-50-7 -5.0 999999999999999999 
0100-50020020070000-50-7 00.3 999999999999999999 99999999 
99999999999999999999999999000.0000.01111095095090090085090 
FF2411599 007005002005013014013013 04.0 999999999999999999 
0030-40-4005002005000005 -1.0 999999999999999999 99999999 
99999999999999999999999999-19.6009.81111999100090999095065 
GG2611599 999999999999999999999999 9999 999999999999999999 
9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9  9 9 9 9  9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9  9 9 9 9 9 9 9 9  
99999999999999999999999999000.0000.01111999110100999999999 
HH2611599 0-20000-2-100000030-5000 -4.0 999999999999999999 
0070020-4-100020-20-40-5 -4.0 999999999999999999 28300000 
1000980660461001001111051399999-147.9911999999999999999999 
II2411503 0000000-50030030000-5015 -0.7 999999999999999999 
0-2002003000000000-12000 01.7 005005005010005005 30300005 
09810009008610010011110010000.0-9.801111090090075090070095 
JJ3321699 018013010000000005010015 -7.7 999999999999999999 
010003003000035015005000 02.0 999999999999999999 99999999 
99999999999999999999999999000.0000.01111085080090080090080 
KK3321699 0-50000000-50000-3010005 -1.6 999999999999999999 
0-80-50-3000020005005010 -2.6 999999999999999999 99999999 
99999999999999999999999999009.8019.61111080080080075080080 
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LL2911599 0050150150-5000010015005 08.3 999999999999999999 
0-80000-5-10005005005005 -5.0 999999999999999999 99999999 
9999999999999999999999999999999999999999999999999999999999 
MM3311599 010015012005000000005015 10.7 999999999999999999 
010015020010010020005020 15.0 010020010010010015 99999999 
99999999999999999911111099004.9004.91111999999999999999999 
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APPENDIX E 
CALIBRATION PROCEDURES AND RESULTS 
The audiometer used in the present study was calibrated 
electroacoustically to conform to specifications promulgated by 
the American National Standards Institute [ANSI 
53.6-1969(Rl973)]. In addition, routine listening checks of the 
audiometer, tape-recorder/reproducer, and acoustic-immittance 
instrumentation were performed daily prior to the experimental 
runs. 
Earphone Calibration 
Earphone calibration was performed in accordance with ANSI 
53.7-1973 ("Method for coupler calibration of earphones"), using 
an artificial ear (Bruel & Kjaer, Type 4152) and an acoustic 
coupler (NBS-9A). 
Earphone Frequency-Response 
The frequency response of each earphone [Telephonies, 
TDH-49P, mounted in neoprene-capped, Buna-S rubber supra-aural 
cushions (MX-41/AR)] was determined with the earphone mounted in 
a 6-cu. cm acoustic coupler (NBS-9A) with a 500-g static coupling 
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force. The coupler contained a pressure microphone (Bruel & 
Kjaer, Type 4144) which was connected to a microphone-amplifier 
complement (Bruel & Kjaer, Type 2603) via a cathode follower 
(Bruel & Kjaer, Type 2612). The microphone/microphone-complement 
system was calibrated acoustically with a pistonphone (Bruel & 
Kjaer, Type 4220), and appropriate corrections were applied to 
compensate for the effects of barometric pressure. The 
electrical output of the microphone-amplifier complement was fed 
to a graphic-level recorder (Bruel & Kjaer, Type 2305) with the 
following settings: input attenuation = 10 dB; writing speed = 
200 mm/s; paper-drive speed = 30 mm/s; potentiometer = 50 dB. 
The output of a beat-frequency oscillator (Bruel & Kjaer, Type 
1022) was connected to the earphone. The input voltage to the 
earphone was kept constant at 100 mV rms. Figure El shows the 
constant-input voltage frequency-response curves obtained for the 
right and left earphones. 
Bone-Conduction Calibration 
Bone-conduction calibration was accomplished in accordance 
with ANSI S3.13-1972 ("Artificial headbone for the calibration of 
audiometer bone vibrators") and ANSI S3.26-1981 ("Reference 
equivalent threshold force levels for audiometric bone 
vibrators"). An artificial mastoid (Bruel & Kjaer, Type 4930) 
FIGURE El 
Frequency response of the earphones 
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FIGURE El ^ 
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was used in the calibration procedures. The results indicated 
that the audiometer/bone-conduction vibrator (Radioear, Models 
B-71 and B-72) conformed to current specifications. 
Acoustic-Immittance-Meter Calibration 
Calibration of the acoustic-immittance meter (Madsen, Model 
ZS76-I) was performed in accordance with the proposed American 
National Standard for aural acoustic-immittance instruments 
[ANSI S3-60(Draft 1979B)]. The probe-tone output level was 
measured in a 2-cu. cm acoustic coupler with a sound-level meter 
(Bruel & Kjaer, Type 2603). The immittance indicator also was 
evaluated in this 2-cu. cm test cavity. The probe-tone frequency 
accuracy was measured using a universal counter (Tektronix, Model 
DC-503) with the sound-level meter. The acoustic-reflex 
activating signal was assessed with a 6 cu. cm or a 2 cu. cm 
coupler, as appropriate for the transducer, in accordance with 
ANSI S3.6-1969(R1973) and ANSI S3-60(Draft 1979B). A mercury 
U-tube manometer (custom-built) was used to measure 
pressure-change accuracy of the instrument manometer. 
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Tape-Recorder/Reproducer Calibration 
Tape heads and tape-guiding elements of the 
tape-recorder/reproducer (Akai, Model 1722W) were cleaned and 
degaussed prior to calibration and on a regular basis throughout 
the period of data collection. 
Tape-Drive Speed 
Tape-drive speed of the tape-recorder/reproducer was 
evaluated under normal operating conditions with a stop watch and 
a 5-minute timing tape (tape speed = 19.05 cm/s, tape length = 
57.13 cm). In accordance with NAB specifications (NAB, 1965), 
the results were within +0.2% of the nominal tape-speed value. 
These results are documented in Table El. 
Playback Response 
The tape-recorder/reproducer playback response was assessed 
using a 1/4-track, commercial reproduce-alignment magnetic tape 
(Ampex, #01-31321-01) with 50-us equalization and 19.05-cm/s tape 
speed. The tape-recorder/reproducer output was monitored by a 
vacuum-tube voltmeter (Hewlett-Packard, Model 400 HR). Bias and 
equalization adjustments were made as necessary, such that output 
levels were within "NAB Standard Reproducing Systems Response 
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TABLE El 
TAPE RECORDER/REPRODUCER TAPE-DRIVE SPEED 
All measurements are based upon the usage of a 5-minute timing 
tape. 
1 MEASUREMENT I NUMBER OF SECONDS| PERCENT ERROR 1 TOLERANCE I 
1 NUMBER 1 1 I RE: NAB | 
1 #1 
" I - 1 " 
1 299.3 1 
1 i 
0.2% 
-1 1 
1 +0.2% | 
1 | 
1 #2 
| _ 
I 1 
1 299.3 1 
I i 
0.2% 
1 1 
1 +0.2% | 
1 ... __ | 
1 #3 
1 1 
1 299.5 1 
1 i 
0.2% 
1 1 
i +0.2% | 
1 | 
1 #4 
1 
1 1 
1 300.0 I 
1 | 
0.0% 
I 1 
1 +0.2% | 
| | 
1 #5 
1 t 
1 299.4 | 
1 i. 
0.2% 1 +0.2% | 
1 | 
1 #6 
1 1 
1 300.0 1 0.0% 
1 — 1 
1 +0.2% | 
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Limits" (NAB, 1965). Tables E2 through E7 contain these playback 
response results. 
Dichotic Test Tapes 
Signa1-to-Noise Measurements 
The magnetic tape recordings of the dichotic 
nonsense-syllable test were mounted on the 
tape-recorder/reproducer (Akai, Model 1722W), which was 
calibrated according to procedures described in the previous 
section. The line output of the tape-recorder/reproducer was fed 
to the amplitude input of a microphone-amplifier complement 
(Bruel & Kjaer, Type 2603). The rms amplitude of the syllables 
and of the interstimulus tape noise were measured. The derived 
signal-to-noise ratios were greater than 60 dB. The 
instrumentation noise-floor precluded more precise determination 
of the signal-to-noise ratios. 
Stimulus Amplitude, Onset, Duration, and Interstimulus Duration 
The amplitude data for the signals of the dichotic 
nonsense-syllable test were provided by the Kresge Hearing 
Research Laboratory of the South. A sample of the tracings (from 
Randomization S) is shown in Figure E2. The following 
instrumentation settings were used: writing speed = 160 mm/s; 
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TABLE E2 
TAPE RECORDER/REPRODUCER PLAYBACK RESPONSE 
Measurement #1 
I NOMINAL FREQUENCY | 
1 (Hz) | 
1 1 
1 l 
CHANNEL 1 CHANNEL 2 1 TOLERANCE RE:| 
INAB STANDARDS| 
1(relative dB)1 
-1 I 1 1 
1 700 I 
i _ _ i 
0 0 
-1 1 
| | 
. | | 
1 15000 1 
1 1 
-0.3 -0.9 1 +1 to -3 1 
1 1 
1 12000 I -0.6 -1.2 1 +1 to -2 | 
1 | 
I 10000 1 -0.2 -0.8 
1 1 
1 ±1 1 
1 | 
I 7500 I 0.0 -0.5 
1 — 1 
1 +1 1 
1 | 
1 5000 I 
1 | 
+0.6 -0.6 
1 | 
1 +1 1 
1 | 1 1 
1 2500 I 0.0 +0.2 
1 1 
1 +1 1 
1 | 
1 1000 I -0.8 -0.4 
1 | 
1 +1 1 
1 | 
1 500 | 
| _ | 
0.0 +0.2 
1 | 
1 ±1 1 
1 I 
1 250 1 +1.0 +0.8 
1 1 
1 ±1 1 
1 i 
1 100 1 +0.8 -0.2 
1 — — 1 
1 +1 1 
1 | 
1 50 1 -0.9 -1.0 
1 — j 
1 +1 to -2 | 
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TABLE E3 
TAPE RECORDER/REPRODUCER PLAYBACK RESPONSE 
Measurement #2 
1 NOMINAL FREQUENCY 1 
1 (Hz) | 
1 1 
I 1 
CHANNEL 1 CHANNEL 2 I TOLERANCE RE:| 
INAB STANDARDSl 
1(relative dB)1 
-1 1 1 - 1 
1 700 I 
1 | 
0 0 
-1 1 
| | 
. | | 
1 — 1 
I 15000 I 
1 1 
+0.3 -1.3 
1 1 
1 +1 to -3 I 
1 | 1 1 
1 12000 1 -0.6 -1.6 
1 1 
1 +1 to -2 I 
1 | 
1 10000 1 -0.2 -1.0 
1 1 
1 +1 1 
1 _ _ _ | 
1 7500 I +0.1 -0.7 
1 — — — i 
1 +1 1 
1 | 
1 5000 I 
| | 
+0.8 -0.8 
1 l 
! +1 1 
i i 
1 2500 1 +0.3 -0.1 
i — — | 
1 ±1 1 
i i 
1 1000 1 -0.6 -0.5 
i — 1 
1 +1 1 
i i 
1 500 1 
| | 
0.0 +0.2 
i 1 
1 +l 1 
! | 
1 250 I 
| | 
+1.0 +0.8 
1 | 
1 +1 1 
I . I 
1 100 1 
1 1 
+1.0 -0.2 
1 1 
1 +1 1 
1 I 1 1 
1 50 | -1.1 -1.2 
i 
1 
> 
I 1 I 
IN
 
1 
1 
1 1 
O
 
1 
4-> 
i 1 
t-t 
1 
+
 
1 1 
1 
ft 
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TABLE E4 
TAPE RECORDER/REPRODUCER PLAYBACK RESPONSE 
Measurement #3 
I NOMINAL FREQUENCY 1 
1 (Hz) | 
1 1 
CHANNEL 1 CHANNEL 2 1 TOLERANCE RE:| 
INAB STANDARDS! 
I (relative dB)1 
1 700 I 0 0 
. | | 
1 15000 | 
1 | 
0.0 -0.7 1 +1 to -3 I 
. | | 1 1 
1 12000 | 
1 1 
-0.7 -1.0 
1 1 
1 +1 to -2 | 
. | I 1 1 
1 10000 I -0.3 -0.7 
1 1 
1 +1 1 
1 | 
1 7500 I 
1 1 
+0.1 -0.3 
1 — — l 
1 +1 1 
1 - I 1 1 
1 5000 | 
.... | 
+0.8 -0.8 
1 l 
1 +1 1 
1 | 
1 2500 | +0.2 +0.1 
1 1 
1 +1 1 
1 | 
1 1000 | -0.8 -0.3 
1 1 
1 +1 1 
1 | 
1 500 | -0.1 +0.3 
1 1 
1 +1 1 
1 .... ......... . | 
1 250 1 +0.8 +1.0 
1 1 
1 +1 1 
1 | 
1 100 1 
1 i 
+1.0 -0.1 
1 l 
1 +1 1 
I ... ... . | 1 1 
1 50 1 -0.3 -1.0 I +1 to -2 I 
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TABLE E5 
TAPE RECORDER/REPRODUCER PLAYBACK RESPONSE 
Measurement #4 
I NOMINAL FREQUENCY 1 
1 (Hz) I 
1 1 
CHANNEL 1 CHANNEL 2 I TOLERANCE RE:1 
INAB STANDARDS I 
1 (relative dB)1 
1 700 I 0 0 | | 
. | | 
1 15000 | 
1 _ | 
-0.5 -0.9 
1 1 
1 +1 to -3 I 
1 | 1 _ — | 
1 12000 | 
I 1 
-1.2 1 J—
» 
•
 
1 
1 
1 — —- | 
I +1 to -2 | 
1 _ | 
1 10000 1 -0.5 -0.9 1 +1 1 
1 ! 
1 7500 I 0.0 -0.3 1 +1 1 
1 | 
1 5000 | +0.7 -1.0 1 +1 1 
1 | 
1 2500 1 +0.3 0.0 1 +1 1 
1 | 
1 1000 | -0.7 -0.2 1 +1 1 
1 | 
1 500 | 
1 i 
0.0 +0.3 
1 1 
1 +1 1 
1 1 
1 250 | 
| | 
+0.8 +1.0 1 +1 1 
1 -- - 1 
1 100 | +1.0 -0.3 
1 1 
1 +1 1 
1 | 
1 50 | -1.4 -1.0 
1 1 
I +1 to -2 | 
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TABLE E6 
TAPE RECORDER/REPRODUCER PLAYBACK RESPONSE 
Measurement #5 
I NOMINAL FREQUENCY | 
1 (Hz) I 
1 1 
CHANNEL 1 CHANNEL 2 I TOLERANCE RE:1 
INAB STANDARDS! 
1(relative dB)1 
1 700 I 0 0 | | 
. i i 
1 15000 1 
1 i 
-1.2 0.0 1 +1 to -3 1 
1 i 1 — 1 
1 12000 1 -1.2 -0.3 
1 i 
I +1 to -2 I 
1 1 
1 10000 1 -0.7 +0.2 
1 „„ j
1 ±1 1 
1 | 
1 7500 1 
1 | 
-0.2 +0.5 
1 — 1 
1 ±1 1 
1 i 1 1 
1 5000 | 
| | 
+0.5 0.0 
1 — 1 
1 ±1 1 
I i 
1 2500 1 +0.1 +1.0 
1 i 
1 +1 1 
I i 
1 1000 1 
j | 
-0.7 0.0 1 +1 1 
1 | 
I 500 1 +0.1 +0.2 
1 1 
1 +1 1 
1 | 
1 250 1 
| | 
+1.0 +0.8 
1 1 
1 ±1 1 
I i 
1 100 I 
1 1 1
 
1 
+
 
•
 
o
 
-0.5 
j 1 
1 +1 1 
i i 1 — 1 
1 50 1 
1 
1 
1 
'
 
] 
• 
I 
C
O
 
-1.0 
1 
1 
1 
+
 
j I 
rt
 
1 
O
 
1 
1 
1 
ho
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TABLE E7 
TAPE RECORDER/REPRODUCER PLAYBACK RESPONSE 
Measurement #6 
I NOMINAL FREQUENCY | 
1 (Hz) | 
i 1 
l l 
CHANNEL 1 CHANNEL 2 I TOLERANCE RE:| 
INAB STANDARDS| 
I (relative dB)1 
-1 l 1 _ _ — _ — | 
1 700 1 0 0 
-1 - - -1 
1 | 
1 15000 1 
1 i 
-0.5 -0.2 
1 1 
1 +1 to -3 I 
. | | 1 1 
1 12000 I 
I I 
-0.8 -0.6 
1 1 
1 +1 to -2 | 
. | | 1 1 
1 10000 i -0.3 -0.2 
1 — 
1 +1 1 
. | | 
1 7500 | 
1 i 
0.0 +0.2 
1 1 
1 +1 1 
1 | 1 | 
1 5000 1 
| | 
+0.7 0.0 
i 1 
1 +1 1 
1 | 
1 2500 | 
1 | 
+0.3 +0.8 
1 
1 +1 1 
1 _ _ _ | 1 1 
I 1000 1 
1 1 
-0.5 -0.2 
i 1 
1 +1 1 
1 | 
1 500 1 +0.2 +0.1 
l 1 
1 +1 1 
1 | 
1 250 | +1.0 +0.8 
1 1 
1 +1 1 
1 | 
1 100 | 
1 i 
+0.7 -0.6 
1 — i 
1 +1 1 
1 i 
1 50 | -1.3 -1.3 I +1 to -2 | 
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paper-drive speed = 3 mm/s; potentiometer = 50 dB. The data 
which were provided demonstrated that the stimuli were recorded 
at the same level across onset-time-asynchrony conditions and 
channels. 
Signal durations and onset times, and interstimulus-interval 
durations were controlled digitally by computer programming at 
the Kresge Hearing Research Laboratory of the South. Stimulus 
durations were 310 ms for each of the CVs /da, ta, ga, ka, ba/ 
and 320 ms for /pa/. The interstimulus interval was 6000 ms. 
The following randomizations were used for the conditions 
indicated: 
Randomization F = 0 ms 
Randomization G = 0 ms 
Randomization H = 90-ms left lag 
Randomization I = 90-ms right lag 
Randomization L = 30-ms left lag 
Randomization M = 30-ms right lag 
Randomization P = 60-ms left lag 
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Randomization Q 
Randomization R 
Randomization S 
= 120-ms left lag 
= 60-ms right lag 
= 120-ms right lag 
Page 152 
FIGURE E2 
Sample of dichotic-stimulus amplitude tracings. 
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50 
BrOal & Kjtor 
da/ba ta/pa pa/ba ta/ba ba/da da/ta 
TIME 
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Page 154 
APPENDIX F 
TABLE F1 
PRESENTATION ORDER OF DICHOTIC CONDITIONS 
Each of the ten orders of presentation used in the present 
experiment is indicated by the column headings (#1 through #10). 
Onset-time asynchronies (120, 90, 60, 30, and 0 ms) and lagging 
ear/channel (LL = left lag; RL = right lag) are specified. The 
two conditions with 0-ms asynchrony are differentiated by their 
randomization letter (F or G). 
1 #1 
1 
#2 #3 
i 
i 
i 
i 
i 
i 
1 
!
 
1 
1 
#5 
i i 1 i i 
#7 #8 #9 #10 I 
1 
1 0-F 90LL 0-G 90RL 30RL 30LL 60LL 120LL 60RL 
! 
120RLI 
1 
I90LL 0-G 90RL 30RL 30LL 60LL 120LL 60RL 120RL 0-F | 
i 
1 0-G 
1 
90RL 30RL 30LL 60LL 120LL 60RL 120RL 0-F 90LL 1 
_ 1 
1 90RL 
1 _ 
30RL 30LL 60LL 120LL 60RL 120RL 0-F 90LL 
1 
0-G | 
I30RL 
1 
30LL 60LL 120LL 60RL 120RL 0-F 90LL 0-G 
1 
90RL I 
_ 1 1 
I30LL 
1 
60LL 120LL 60RL 120RL 0-F 90LL 0-G 90RL 
1 
30RL | 
1 
I60LL 
| 
120LL 60RL 120RL 0-F 90LL 0-G 90RL 30RL 
1 
30LL | 
1 
1120LL 
| 
60RL 120RL 0-F 90LL 0-G 90RL 30RL 30LL 60LL | 
I60RL 120RL 0-F 90LL 0-G 90RL 30RL 30LL 60LL 120LL| 
I120RL 0-F 90LL 0-G 90RL 30RL 30LL 60LL 120LL 60RL | 
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TABLE G1 
ANOVA SUMMARY TABLE FOR 
TIME AND EAR EFFECTS: SINGLE-EAR SCORES 
Onset-time asynchrony [T (120 vs. 90 vs. 60 vs. 30 vs. 0 ms)] by 
test ear [E (right ear vs. left ear)] analysis of variance for 
performance scores. The scores were expressed as proportion 
correct and arc-sine transformed prior to the analysis.-
1 SOURCE 
1 
I SUMS OF SQUARES 
. i 
MEAN SQUARE| 
1 
DF IF-RATIO1 
1 
PROB. I 
I 
1 T 
1 ERROR 
|_ 
1 4.16310 
1 1.43881 
1 
1.04077 | 
0.0124035 I 
4 
116 
1 83.9091 
1 1 
0.000001 
1 
I E 
1 ERROR 
1 2.37100 
1 1.87165 
1 
2.37100 | 
0.0645396 1 
_ | 
1 
29 
I 
1 36.7371 
1 1 
I 
I 
0.000021 
1 
_ 1 
1 T X E 
1 ERROR 
1 
1 0.303613 
1 1.39543 
0.0759034 1 
0.0120296 | 
4 
116 
1 
I 6.3101 
1 1 
-1 
0.000271 
I 
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TABLE G2 
ANOVA SUMMARY TABLE FOR 
LAG EFFECTS: SINGLE-EAR SCORES 
Lag [L (right lag vs. left lag)] by onset-time asynchrony [T 
(120 vs. 90 vs. 60 vs. 30 ms)] by test ear [E (right ear vs. left 
ear)] analysis of variance for performance scores. The scores 
were expressed as proportion correct and arc-sine transformed 
prior to the analysis. 
SOURCE I SUMS OF SQUARES MEAN SQUARE I 
L. 
DF 1F-RATIO| 
! 
PROB. 
L 
1 
I 0.0634082 
1 -
0.0634082 | 1 1 6.670 1 0.01444 
ERROR 1 0.275685 
1 
0.009506391 
_ _ |. 
29 1 1 
| 
L X T 
1 
I 0.0431526 
— 1 -
0.0143842 | 3 1 1.342 | 0.26510 
ERROR 1 0.932577 
1 _ 
0.0107193 I 
_ 1. 
87 1 1 
1 
L X E 1 0.00277804 0.002778041 1 I 0.085 1 0.76999 
ERROR 1 0.950826 
I _ 
0.0327871 | 
|. 
29 1 1 
I | 
L X T X E 
1 _ 
1 0.00576325 
1 -
0.001921081 3 
1 — _ 
1 0.156 I 0.92471 
ERROR 1 1.06837 0.0122801 I 87 I 1 
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TABLE G3 
ANOVA SUMMARY TABLE FOR 
TIME EFFECTS: DOUBLE-CORRECT SCORES 
Onset-time asynchrony [T (120 vs. 90 vs. 60 vs. 30 vs. 0 ms)] 
analysis of variance for double-correct performance scores. The 
scores were expressed as proportion correct and arc-sine 
transformed prior to the analysis. 
SOURCE I SUMS OF SQUARES I MEAN SQUARE I DF |F-RATI0| PROB. | 
I T | 4.39018 I 1.09754 I 4 I 83.5151 0.000001 
I ERROR I 1.52446 I 0.0131419 I 116 I I I 
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TABLE G4 
ANOVA SUMMARY TABLE FOR 
LAG EFFECTS: DOUBLE-CORRECT SCORES 
Lag [L (right lag vs. left lag)] by onset-time asynchrony [T 
(120 vs. 90 vs. 60 vs. 30 ms)] analysis of variance for 
double-correct performance scores. The scores were expressed as 
proportion correct and arc-sine transformed prior to the 
analysis. 
1 SOURCE 
l 
1 SUMS OF SQUARES MEAN SQUARE| 
l 
DF IF-RATIO| 
| 
PROB. I 
l 1 
1 L I 0.0482597 
1 
0.0482597 1 1 1 4.015 I 0.05175! 
i ERROR 
1 
1 0.348563 
1 
0.0120194 1 
_ i_ 
29 1 1 
| 
1 
| 
1 L X T I 0.0462938 0.0154313 | 3 1 1.501 1 0.21870! 
I ERROR | 0.894444 0.0102810 | 87 1 1 1 
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TABLE HI 
TUKEY ANALYSIS FOR RIGHT EAR VS. LEFT EAR AS A FUNCTION OF TIME 
Difference between right-ear and left-ear means as a function of 
onset-time asynchrony (120, 90, 60, 30, and 0 ms). The scores 
were expressed as proportion correct and were arc-sine 
transformed prior to the analysis. 
1ASYNCHRONY (ms)i RIGHT-EAR MEANS LEFT-EAR MEANS DIFFERENCE | 
1 120 | 1.31590 1.24171 0.07419 1 
1 90 I 1.24234 1.15894 0.08340* | 
1 60 | 1.22709 1.11227 0.11482* | 
1 30 | 1.17541 0.991504 0.183906* | 
1 0 | 1.13183 0.959530 0.17230* | 
*Mean differences which exceed the Honestly Significant 
Difference of 0.0752842 (q 0.01,60). 
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TABLE H2 
TUKEY ANALYSIS FOR RIGHT EAR VS. TIME 
Difference between right-ear mean-performance scores by 
onset-time asynchrony (120, 90, 60, 30, and 0 ms). The scores 
were expressed as proportion correct and were arc-sine 
transformed prior to the analysis. 
1 ASYNCHRONY (ms)1 
l l 
MEAN 1 90 1 
i i 
60 1 
i 
to
 
J 
O
 
1 
O
 
1 
1 - - 1 
1 120 | 1.31590 
1 1 
10.073561 
1 
0.088811 
i i 
0.14049*10.18407*1 
1 90 | 1.24234 0.015251 0.06693 10.11051*1 
1 60 | 1.22709 1 — 1 0.05168 10.09526 I 
1 30 | 1.17541 i — i 1 10.04358 | 
1 0 I 1.13183 i — i — 1 ~ 1 
*Mean differences which exceed the Honestly Significant 
Difference of 0.0965079 (q 0.01,60). 
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TABLE H3 
TUKEY ANALYSIS FOR LEFT EAR VS. TIME 
Difference between left-ear mean-performance scores by onset-time 
asynchrony (120, 90, 60, 30, and 0 ms). The scores were 
expressed as proportion correct and were arc-sine transformed 
prior to the analysis. 
I ASYNCHRONY (ms)I 
l l 
MEAN 90 60 
ii
 
CO
 
|
 
O
 
1 
O
 
1 
1 — - 1 
1 120 ! 1.24171 0.08277 
-
0.12944* 
i — i 
0.250206*10.28218*1 
1 90 | 1.15894 — 0.04667 0.167436*10.19941*1 
1 60 I 1.11227 — — 0.120766*10.15274*1 
1 30 I 0.991504 — — 10.0319741 
1 0 I 0.95953 — — 1 — 1 
*Mean differences which exceed the Honestly Significant 
Difference of 0.0965079 (q 0.01,60). 
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TABLE H4 
TUKEY ANALYSIS FOR DOUBLE-CORRECT SCORES AS A FUNCTION OF TIME 
Difference between double-correct mean-performance scores by 
onset-time asynchrony (120, 90, 60, 30, and 0 ms). The scores 
were expressed as proportion correct and were arc-sine 
transformed prior to the analysis. 
ASYNCHRONY (ms) | MEAN I 90 60 30 0 
120 
90 
60 
30 
0 
11.13661 
11.03162 
10.97439 
10.84083 
10.810176 
0.10499*10.16222*10.29578*10.326434*1 
10.05723 10.19079*10.221444*1 
I — 10.13356*10.164214*1 
— I — I — 10.030654 I 
*Mean differences which exceed the Honestly Significant 
Difference of 0.1008748 (q 0.01,60). 
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TABLE XI 
SUBJECTS DEMONSTRATING A SIGNIFICANT EAR ADVANTAGE 
Those subjects out of 30 who demonstrated a significant (p<0.01) 
ear advantage (REA = right-ear advantage, LEA = left-ear 
advantage) at each onset-time asynchrony (120, 90, 60, 30, and 
0ms) under left-lag and right-lag conditions. The two 0-ms 
conditions are differentiated by their randomization letters (0-F 
and 0—G). A binomial model, incorporating arc-sine transformed 
scores, was used to determine the significance of differences 
between scores. 
i LAG I LEFT LAG 1 I SIMULT.*| I RIGHT LAG | 
1 TIME ASYNCHRONY 1120 90 60 301 1 0-F 0-G I 1 30 60 90 1201 
1 RIGHT EAR>LEFT EAR | 1 1 
1 (REA) I 1 1 
1 Subject I.D.#: I #7 #22 #7 #6| 1 #1 #1 1 1 #3 #3 #5 #23! 
1 1 #14 #11 #10 #71 1 #6 #7 I 1 #6 #7 #7 1 
i 1 #18 #11 #17 1 #11 I 1 #7 #18 #19 1 
1 1 #181 #17 I 1 #8 #23 1 
1 1 #201 #18 1 1 #10 1 
1 1 1 #27 I 1 #11 1 
1 1 1 #28 | 1#14 1 
1 1 1 1 #15 1 
1 1 1 1 #18 1 
1 1 1 1 #20 1 
1 1 
I | 
1 
| 
1 #25 1 
I i l 
1 Total: | 7% 10% 10% 17% 1 1 7% 23% | 137% 10% 13% 3% | 
ILEFT EAR>RIGHT EAR | 1 1 
1 (LEA) | 1 1 
1 Subject I.D.#: I #12 #9 1 #281 
1 1 
1 | 
1 
- 1 
#301 
I i l 
1 Total: 1 0% 3% 3% 
l 
0%| 1 0% 0% | 1 0% 0% 0% 
1 
7% 1 
*0ne subject (#17) demonstrated a significant difference between 
0-F and 0-G for the right ear only (0-G > 0-F). 
Page 167 
TABLE 12 
SUBJECTS DEMONSTRATING SIGNIFICANT DIFFERENCES 
BETWEEN TIME ASYNCHRONIES: SINGLE-EAR SCORES 
Those subjects (noted by I.D. number) out of 30 who demonstrated 
significant (p<0.01) differences between onset-time asynchronies 
(120 vs. 90 vs. 60 vs. 30 vs. 0 ms) by ear (RE = right ear, 
LE = left ear) and lag (left lag and right lag). The two 0-ms 
conditions were averaged except for the right-ear scores for 
Subject #17 who demonstrated a significant difference between the 
two right-ear scores. A binomial model, incorporating arc-sine 
transformed scores, was used to determine the significance of 
differences between scores. 
I CONDITIONS LEFT LAG 1 I RIGHT LAG 1 
1120 vs. 90 
1 RE: #12, #30 | 
1 1 
1 #26 | 
1 .. | 
1 LE: 
1 i 
1 1 
1 1 
1120 vs. 60 
1 RE: #17, #25 I 
1 1 
1 #23 | 
| | 
1 LE: #19, #21 | 1 #16 | 
1 i 
1120 vs. 30 
1 RE: #18, #21, #25 | 
1 1 
1 #23, #26 | 
1 LE: #17, #18, #19, #21, #26 | I #7, #8, #10, #11, #15, I 
I #16, #20, #25, #26, #28 1 
I i 
1120 vs. 0 
1 RE: #2, #16, #17(0-F only), | 
#30 | 
1 1 
I #16, #17(0-F only), #26 1 
1 1 
| | 
1 LE: #8, #17, #19, #21, #25, I 
#26, #28 1 
1 #2, #8, #16, #17, #20, | 
1 #26, #28 I 
| | 
I  /  I I  /  
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TABLE 12 (continued) 
1 CONDITIONS LEFT LAG I| RIGHT LAG | 
I I  I I  1  
I I  I I  1  
i i i i _ i 
1 90 vs. 60 
1 RE: 
1 
#9, #25 
II 1 
II 1 
1 | | I 
I LE: #20 
1 1 1 
II #18 1 
I I I 
1 90 vs. 30 
1 RE: 
1 
#18 
— 1 | | 
II 1 
II #23 | 
|  | i 
1 LE: 
I 
#2, #7, #18, #20 II #3, #7, #15, #18, #28 I 
... || i 
1 90 vs. 0 
1 RE: 
1 
#5, #22 
— 1 1 1 
II 1 
11 #5, #17(0-F only) I 
| I_ | L 
I LE: 
1 
#2, #3, #15, #20 1 I #17, #18, #26, #28 I 
1 i | 1 
I 60 vs. 30 
1 RE: 
1 
— 1 | 
II 1 
II 1 
| | | 1 
I LE: II #25, #28 I 
I I _ I 
I 60 vs. 0 
1 RE: 
1 
— 1 1 - 1 
II 1 
II #14 1 
1 | | 1 
1 LE: #9 II #17, #28 I 
1 | | 
1 30 vs. 0 
1 RE: 
I 
#30 
— 1 — 
II 1 
II #14 1 
I I I 1 
1 LE: 
— 1 1 1 
II 1 
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TABLE 13 
SUBJECTS DEMONSTRATING SIGNIFICANT DIFFERENCES 
BETWEEN TIME ASYNCHRONIES: DOUBLE-CORRECT SCORES 
Those subjects (noted by I.D. number) out of 30 who demonstrated 
significant (p<0.01) differences between onset-time asynchronies 
(120 vs. 90 vs. 60 vs. 30 vs. 0 ms) by lag (left lag and right 
lag). The two 0-ms conditions were averaged since none of the 
subjects demonstrated a significant difference between the two. 
A binomial model, incorporating arc-sine transformed scores, was 
used to determine the significance of differences between scores. 
I CONDITIONS| LEFT LAG 1 RIGHT LAG 1 
1120 
1 
vs. 901 #11 
— 1 
, #17, #20, #30 I 
| 
#16, #26 I 
1 1 — 
1120 vs. 601 #17 , #19, #25 1 
| 
i 
#16, #18, #26 1 
| 
1120 
1 
1 
vs. 301 #10 
#18 
#26 
, #11, #12, #16, #17,1 
, #19, #21, #24, #25,1 
1 
I 
#2, #7, #8, #11, #15 1 
#16, #17, #20, #23, #25,1 
#26, #29 1 
I 
1120 
1 
1 
1 
vs. 0 1 #2, 
#17 
#26 
#8, #11, #15, #16, | 
, #19, #21, #22, #25,1 
, #28, #30 1 
1 
#2, #8, #9, #11, #14, 1 
#15, #16, #17, #18, #20,1 
#25, #26, #28 | 
1 90 
1 
vs. 601 #20 1 
1 
#18 | 
[ 
1 90 
1 
vs. 301 #7, 
#21 
#10, #15, #18, #20, I 
1 
I 
#2, #3, #7, #15, #17, 1 
#29 1 
| 
1 90 
1 
i_ 
vs. 0 I #2, #5, #8, #15, #20 | 
1 
| 
#8, #9, #17, #18, #22, | 
#27, #28, #30 I 
I 
1 60 vs. 301 #18 , #21 | 
| 
#2, #29 1 
| 
1 60 
1 
vs. 0 I #8, #14 1 
1 
#14, #17, #26, #28 1 
| 
1 30 vs. 0 1 #18 1 
— 1 
1 
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TABLE 14 
SUBJECTS DEMONSTRATING SIGNIFICANT DIFFERENCES 
BETWEEN RIGHT LAG AND LEFT LAG 
Those subjects (noted by I.D. number) out of 30 who demonstrated 
significant (p<0.01) differences between right- and left-lag 
conditions for each onset-time asynchrony (120, 90, 60, and 
30 ms) by ear (RE = right ear, LE = left ear) and for 
double-correct (DC) scores. A binomial model, incorporating 
arc-sine transformed scores, was used to determine the 
significance of differences between scores. 
1 1 RIGHT LAG > LEFT LAG| LEFT LAG > RIGHT LAG| 
1120 
1 
1 
ms RE: 
LE: 
DC: 
1#23, #26 (lag effect)I 
1 1 
1 1 
1 | 
— — 1 
#30 (lead effect) 1 
1 
1 
1 
1 90 
1 
1 
ms RE: 
LE: 
DC: 
i 1 
1 1 
1 1 
1 #17 | 
1 i 
1 
1 
1 
#20 | 
i 
1 60 
1 
1 
1 
ms RE: 
LE: 
DC: 
1 1 
I#28 (lead effect) I 
1 1 
1 | 
1 
1 
1 
1 30 
1 
1 
ms RE: 
LE: 
DC: 
1 1 
1 1 
1 #18 | 
1 
1 
1 
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APPENDIX J 
EFFECTS OF EXCLUDING LEFT-HANDED SUBJECTS 
Ear Preference 
Out of the five left-handed subjects in the present study, 
none demonstrated significant left-ear advantages (as determined 
by the binomial-distribution model), and three demonstrated 
significant right-ear advantages (REAs). Subject #7 had an REA 
at 120-ms left lag, 30-ms left lag, 0 ms, 30-ms right lag, 60-ms 
right lag, and 90-ms right lag. Subject #5 had an REA at 90-ms 
right lag, and Subject #27 had an REA at 0 ms. Subjects #16 and 
#22 did not demonstrate ear preferences in any condition. 
The exclusion of left-handed subjects did not change the 
interpretation of the individual-binomial REA results. That is, 
the greatest number of REAs continued to be demonstrated at 30-ms 
right lag (11 subjects), then 0 ms (6 subjects), then 30-ms left 
lag (4 subjects). 
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Differences Between Onset-Time Asvnchronies 
Exclusion of the left-handed subjects failed to result in 
changes in the interpretation of onset-time-asynchrony 
differences also. For the right-handed subjects only, the scores 
for 120 vs. 30 ms continued to yield the most significant 
differences (14 subjects for single-ear scores, 16 for 
double-corrects), followed by 120 vs. 0 ms (10 subjects for 
single-ear scores, 15 for double-corrects), 90 vs. 0 ms (9 
subjects each for single-ear scores and double-corrects), and 
90 vs. 30 ms (8 subjects for single-ear scores, 9 for 
double-corrects). 
Lag Effects 
Finally, the finding that there is no lag effect remained 
unchanged even when left-handed subjects were excluded from the 
individual-binomial data. As shown in Table 14, no left-handed 
subject demonstrated a lag effect. Obviously, the 
exclusion of the left-handed subjects would not have affected 
these data in which the lagging-ear scores were better than in 
the comparable lead situations. When the left-lag right-ear and 
left-ear scores were compared (Table II), only two subjects had 
better lag-ear (left-ear) scores—neither of whom were left 
handed. 
